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WKRXVDQG GU\ WRQQHV RI VROLGZDVWH GXH WR WKH WUHDWPHQW RI SXOS DQG SDSHUPLOO
HIIOXHQWV WKHPDMRULW\RIZKLFK LVFXUUHQWO\ ODQGILOOHG7KH1HZ=HDODQG:DVWH




FRQFHQWUDWLRQV RI QDWXUDOO\ GHULYHG UHVLQ H[WUDFWLYH FRPSRXQGV WKDW DUH WR[LF WR
ILVK DQG RWKHU DTXDWLF RUJDQLVPV ,PSURYHPHQWV LQ ZDVWH ZDWHU WUHDWPHQW
WHFKQRORJ\ KDV HQDEOHG WKH LQGXVWU\ WR PHHW ULJRURXV GLVFKDUJH VWDQGDUGV
KRZHYHU WKLVKDV UHVXOWHG LQ DQ LQFUHDVH LQ WKHSURGXFWLRQRISXOSPLOO HIIOXHQW
VROLGVZKLFK UHTXLUH GLVSRVDO7KLV KDV EHFRPH DQ LVVXH IRU WKH SXOS DQGSDSHU
LQGXVWU\HVSHFLDOO\DVFXUUHQWODQGILOOVSDFHLVOLPLWHG/DQGDSSOLFDWLRQKDVEHHQ
XVHG IRU PDQ\ \HDUV DV D PHDQV RI GLVSRVDO RI SXOS PLOO ZDVWHV :KLOH PRVW
VWXGLHVLQYHVWLJDWLQJODQGDSSOLFDWLRQRISXOSPLOOHIIOXHQWVROLGVKDYHFRQFOXGHG
WKDWWKHULVNSRVHGWRWKHHQYLURQPHQWLVORZIHZKDYHLQYHVWLJDWHGWKHSRWHQWLDO
WR[LFLW\ RI WKHVH ZDVWHV WR VRLO RUJDQLVPV DQG WKHVH VWXGLHV GLG QRW GLUHFWO\
DGGUHVVWKHHIIHFWVRIUHVLQH[WUDFWLYHFRPSRXQGV

5HVLQ H[WUDFWLYHV KDYH EHHQ VKRZQ WR EH UHFDOFLWUDQW DQG WR DFFXPXODWH LQ
DQDHURELF VHGLPHQWV ,W LV QRW NQRZQ WR ZKDW H[WHQW UHVLQ H[WUDFWLYHV DUH
ELRDYDLODEOH RU GHJUDGDEOH LQ ODQG DSSOLHG 3XOSPLOO HIIOXHQW VROLGV 30(6 RU
WKHLUSRWHQWLDOWRELRDFFXPXODWHLQVRLORUJDQLVPV

7KLV3K' WKHVLV UHVHDUFK VRXJKW WR H[WHQG WKHNQRZOHGJH RQ WKH HQYLURQPHQWDO
IDWH DQG HIIHFWV RI SXOS PLOO HIIOXHQW ZDVWHV ,W IRFXVHG RQ WHUUHVWULDO V\VWHPV
ZKLFK KDYH QRW EHHQ ZHOO VWXGLHG LQ WKLV UHVSHFW )RXU FKHPLFDOO\ GLVWLQFW
VRIWZRRGSXOSPLOOHIIOXHQWVROLGVDSULPDU\WUHDWPHQWVROLGDQGWKUHHVHFRQGDU\
WUHDWPHQWELRVROLGVZHUHXVHG WR LQYHVWLJDWH WKHLU HIIHFWVRQ VRLO RUJDQLVPVDQG
VRLO IXQFWLRQV $Q LQWHUGLVFLSOLQDU\ DSSURDFK ZDV DGRSWHG ZKLFK LQFRUSRUDWHG
WKUHHPDLQDUHDVRIVWXG\DVIROORZV
 LLL

















VROLGV DQG FRQFHQWUDWLRQV RI LQGLYLGXDO FRPSRXQGV YDULHG ZLGHO\ EHWZHHQ WKH
GLIIHUHQW SXOS PLOO HIIOXHQW VROLGV WHVWHG 'XULQJ WKH WZR \HDUV DIWHU ILHOG
DSSOLFDWLRQ RI WKH SXOSPLOO HIIOXHQW VROLGV UHVLQ H[WUDFWLYHV GHFOLQHG KRZHYHU
GHFD\UDWHVRILQGLYLGXDOFRPSRXQGVZHUHYDULDEOH7KHGHFD\UDWHRIFRPSRXQGV
ZDV LQIOXHQFHG E\ WKH W\SH RI SXOS PLOO HIIOXHQW VROLGV FRQWDLQLQJ WKHVH
FRPSRXQGV DQG QRW E\ WKH LQLWLDO FRQFHQWUDWLRQ RI FRPSRXQGV$OO FRPSRXQGV
LQFOXGLQJUHVLQDFLGVGHJUDGHGUDSLGO\LQWKHDSSOLHGSULPDU\VROLGDQGLQRQHRI
WKH DSSOLHG ELRVROLGV ZLWK DYHUDJH KDOIOLYHV FDOFXODWHG UDQJLQJ IURP WKUHH WR
WZHOYHPRQWKV ,Q WKHRWKHUELRVROLGV UHVLQDFLGVZHUH UHFDOFLWUDQWZLWKDYHUDJH
KDOIOLYHVFDOFXODWHGWREHQHDUO\WHQ\HDUV

/DERUDWRU\ ELRDVVD\V FRQGXFWHG RQ RDWV HDUWKZRUPV DQG HQFK\WUDHLG ZRUPV
LQGLFDWHG WKDW SXOSPLOO HIIOXHQW VROLGV KDG ORZ WR[LFLW\ WR WKHVH RUJDQLVPV$Q
DTXDWLF ELRDVVD\ RUJDQLVP KRZHYHU ZDV DFXWHO\ DIIHFWHG E\ DTXHRXV H[WUDFWV
IURP SXOSPLOO HIIOXHQW VROLGV (DUWKZRUPVZHUH VKRZQ WR ELRDFFXPXODWH VRPH
UHVLQ H[WUDFWLYH FRPSRXQGV WR D OLPLWHG H[WHQW LQGLFDWLQJ WKDW UHVLQ H[WUDFWLYHV





)LHOG DSSOLHG SXOSPLOO HIIOXHQW VROLGV VLJQLILFDQWO\ HQKDQFHG WKH IOX[HV RI&2
IURPWKHVRLOVXUIDFH:KHQPDVVORVVHVRISXOSPLOOHIIOXHQWVROLGVFDUERQZHUH
WDNHQ LQWR DFFRXQW LW ZDV VKRZQ WKDW WKHVH VROLGV KDG OLWWOH HIIHFW RQ VRLO
UHVSLUDWLRQ 1HHGOH OLWWHUEDJV ZHUH SODFHG DERYH DQG EHORZ SXOS PLOO HIIOXHQW
VROLGVDQGLQWKHOLWWHUKRUL]RQRIDFRQWUROWUHDWPHQWIRUPRQWKV1HHGOHOLWWHU
GHFRPSRVLWLRQ ZDV QRW VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ WUHDWPHQWV KRZHYHU
FKDQJHV LQ HQ]\PH DFWLYLWLHV ZHUH GHWHFWHG LQ OLWWHU EHQHDWK SXOS PLOO HIIOXHQW
VROLGV FRPSDUHG WR FRQWURO QHHGOH OLWWHU WKDW KDG QRW EHHQ H[SRVHG WR SXOSPLOO







HIIOXHQW VROLGV XVHG LQ WKH VWXG\ZHUH GHPRQVWUDWHG WR EH UHODWLYHO\ EHQLJQ DQG






























































































































































































































































 0DS RI 1RUWK ,VODQG RI 1HZ =HDODQG VKRZLQJ ORFDWLRQV RI
7DVPDQDQG.LQOHLWKSXOSDQGSDSHUPLOOV
 
 *HQHUDO OD\RXWRI7DVPDQPLOOZDVWHZDWHU WUHDWPHQW V\VWHPDQG
ODQGILOOVQRWWRVFDOH$OOSULPDU\WUHDWHGHIIOXHQWHQWHUVDVHULHV
RI IRXU SRQGV SRQGV ZHUH DHUDWHG$OO SRQGVZHUH GUHGJHG
DQG ELRVROLGV GHZDWHUHG EHIRUH ODQGILOOLQJ VHSDUDWHO\ IURP
SULPDU\VROLGV30(6VDPSOLQJVLWHVDUHPDUNHGE\;
 
 *HQHUDO OD\RXW RI .LQOHLWK ZDVWHZDWHU WUHDWPHQW V\VWHP DQG
ODQGILOO QRW WR VFDOH VKRZLQJ DFLG DQG DONDOL VHZHUV DQG$6%
EDVLQV DQG:DZD GDP PRQRILOO 7KH GRWWHG OLQH LV WKH SUHVHQW
 DONDOL HIIOXHQW VWUHDP . , DQG - EDVLQV ZHUH
GHFRPPLVVLRQHGLQ30(6VDPSOLQJVLWHVDUHPDUNHGE\;
 
 )LHOG WULDO OD\RXW VKRZLQJ IRXU EORFNV FRQWDLQLQJ  SORWV (DFK
EORFN FRQWDLQHG RQH UDQGRPO\ DVVLJQHG UHSOLFDWH RI HDFK RI ILYH





DGMDFHQW WR DZHWODQG)LHOGSORWVZHUH ORFDWHG LQ D VPDOO YDOOH\
SLFWXUHGRQWKHOHIWKDQGVLGHRIWKLVSKRWR
 
   
&KDSWHU  
 &KDQJHV LQ WRWDO IDWW\ DFLGV )$ DQG WRWDO UHVLQ DFLGV 5$ LQ






 &KDQJHV LQ WRWDO UHVLQ DFLGV 5$ DQG WRWDO UHVLQ DFLG QHXWUDOV
5$1 LQ.$%GXULQJQLQHPRQWKV DIWHU ILHOG DSSOLFDWLRQ HUURU
EDUVDUHVWDQGDUGHUURU
 




























E\ LQVHUWLQJ D PHWDO VKHHW EHWZHHQ ZDVWH VROLGV DQG OLWWHU OD\HU
















WRWDO PRQWKO\ 30(6 WUHDWPHQW DQG VRLO FRQWURO (UURU EDUV DUH
VWDQGDUGHUURURIFXPXODWLYHFDUERQORVVSHUPRQWK
 
 &RPSDULVRQRI ORVVRI FDUERQ IURP30(6FDOFXODWHG IURPPDVV
ORVV0/ODUJHV\PEROVDQGUHVSLUHG&2VPDOOV\PEROV
 
 1HHGOH OLWWHU SHUFHQWDJH PDVV ORVV DIWHU  PRQWKV IRU DOO




WKLV ZLWK SURSRUWLRQDO PDVV ORVV RI QHHGOH OLWWHU IRU WKH VDPH
SHULRG(UURUEDUVDUHVWDQGDUGHUURU
 
 3UHOLPLQDU\ PHDVXUHPHQWV PDGH LQ $XJXVW RI  GD\ 







 0HDVXUHG72&RYHU WZR\HDUV DQG OLQHDU ILW HTXDWLRQVZHUHXVHG WR
FDOFXODWH & FKDQJH RI ELRVROLGV 7% 7$% DQG .$% EXW QRW SULPDU\
VROLG 736 'D\  IRU 7$% ZDV UHPRYHG IRU FDOFXODWLRQ RI & ORVV
QHZ7$%5 S
 




















   
&KDSWHU  
 4XDOLW\ WULDG GHYHORSHG IRU 3K' UHVHDUFK WR DVVHVV WKH ULVNV RI
30(6 LQ WKH WHUUHVWULDO HQYLURQPHQW7KH DUURZV LQGLFDWHZKHUH
PHWKRGV ILWWHG LQWR YDULRXV FRPSDUWPHQWV7KHUHZDV RYHUODS RI
PHWKRGV EHWZHHQ WZR FRPSDUWPHQWV IRU WKH PDLQ DUHDV RI
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   



























 72&2072&20DQG FDUERQDWH& DW$XJXVW  GD\ 
DQG0D\GD\
 











































































WKH µPRGHUQ¶ PHWKRG RI SXOSLQJ SODQW PDWHULDO IRU SDSHU SURGXFWLRQ ZDV
GHYHORSHGE\WKH&KLQHVHLQWKHILUVWFHQWXU\$'7KHXWLOLVDWLRQRISODQWILEUH
IRU SDSHU SURGXFWLRQ LV RQH RI WKH ROGHVW PDQXIDFWXULQJ LQGXVWULHV DQG LV EXLOW
XSRQDJHROGWHFKQRORJLHV,WZDVQRWXQWLOWKLVEHFDPHPHFKDQLVHGDQGWKHVFDOH
RI SURGXFWLRQ HVFDODWHG LQ WKH HDUO\ SDUW RI ODVW FHQWXU\ WKDW PDQ\ RI WRGD\¶V
HQYLURQPHQWDOSUREOHPVDVVRFLDWHGZLWKWKHSXOSDQGSDSHULQGXVWU\HPHUJHG)RU
H[DPSOH LQ WKH LQGXVWULDOPDQXIDFWXUH RI SDSHU IURPZRRG ILEUH LWZDV NQRZQ





LQ WKH PLGGOH RI ODVW FHQWXU\ )URP WKLV ZDVWHZDWHU WUHDWPHQW WHFKQRORJ\
GHYHORSHGWRGHDOZLWKPDQ\GLIIHUHQWUHVLGXDOVIURPWKHSXOSDQGSDSHULQGXVWU\
LQFOXGLQJ WKH DIRUHPHQWLRQHG UHVLQ H[WUDFWLYHV  ,Q WKH ODVW WKLUW\ \HDUV D
FRQVLGHUDEOHERG\RIOLWHUDWXUHKDVEHHQSXEOLVKHGRQWKHIDWHDQGHIIHFWVRISXOS
PLOOHIIOXHQWZDVWHVLQDTXDWLFHQYLURQPHQWV$ODUJHSURSRUWLRQRIWKLVOLWHUDWXUH
SDUWLFXODUO\ LQ UHFHQW \HDUV KDV IRFXVHG RQ WKH UROH WKDW UHVLQ H[WUDFWLYHV 5(
SOD\LQWKHDTXDWLFWR[LFLW\RISXOSPLOOHIIOXHQWV7KHVH5(FRPSRXQGVPDQ\RI
ZKLFKDUHK\GURSKRELFPD\DFFXPXODWHDQGEHUHFDOFLWUDQWLQSXOSPLOOHIIOXHQW
VROLGV 30(6 /LWWOH LV NQRZQ DERXW WKH EHKDYLRXU RI WKHVH FRPSRXQGV LQ
WHUUHVWULDO V\VWHPV 7KH IDWH DQG HIIHFWV RI SXOS PLOO GHULYHG 5( KDV QRW EHHQ
VWXGLHGLQELRVROLGVDPHQGHGVRLOV





EH DIIHFWHG E\ SXOS PLOO GHULYHG UHVLQ H[WUDFWLYHV DQG DQ H[KDXVWLYH OLWHUDWXUH
 
VHDUFK VKRZHG WKDW IHZ VWXGLHV KDYH DGGUHVVHG WKLV LVVXH %RVWDQ HW DO 
7KHUH LV VRPH HYLGHQFH WKDW VLPLODU UHVSRQVHV PD\ RFFXU LQ ERWK DTXDWLF DQG









/DQG DSSOLFDWLRQ RI HIIOXHQW ZDVWH VROLGV ZKLFK LQFOXGHV SULPDU\ VROLGV IURP
XQWUHDWHG HIIOXHQWV DQGELRVROLGV IURPELRORJLFDOO\ WUHDWHG HIIOXHQWV KDVEHHQ
ZLGHO\XVHG LQPDQ\FRXQWULHVDVDPHDQVRIGHDOLQJZLWKKXPDQDQGLQGXVWULDO
RUJDQLFZDVWHV WKDW WKUHDWHQ DTXDWLF HFRV\VWHPV$V VRLO DPHQGPHQWV ELRVROLGV
RIIHU PDQ\ DGYDQWDJHV DQG DOORZ LQGXVWU\ WR EHQHILFLDOO\ GLVSRVH RI RUJDQLF
ZDVWH3XOSPLOORUJDQLFZDVWHVKDYHEHHQZLGHO\XVHGDVVRLODPHQGPHQWVZLWK
EHQHILWV WR VRLO +HQU\ DQG&ROH $PHQGLQJ IRUHVW VRLOZLWKZDVWHV IURP
DGMDFHQWSXOSDQGSDSHUPLOOVPD\EHDQDWWUDFWLYHDOWHUQDWLYH WRFXUUHQW ODQGILOO
GLVSRVDOSUDFWLFHVXWLOLVHGLQ1HZ=HDODQG+RZHYHUWKHUHDUHIHZVWXGLHVRIWKH
SRWHQWLDO IRU WKHVH ZDVWHV WR GR GDPDJH WR VRLO SURSHUWLHV DQG VRLO RUJDQLVPV
%RVWDQHWDO)HOGNLUFKQHUHWDO3LHDUFHDQG%RRQH7KLV3K'
WKHVLV UHVHDUFK IRFXVHG RQ KRZ FKHPLFDOO\ GLVWLQFW 30(6 IURP WZR VRIWZRRG











+\SRWKHVLV ,,5HVLQH[WUDFWLYHV LQSXOSPLOO HIIOXHQW VROLGVDUH UHFDOFLWUDQW LQ
WKHWHUUHVWULDOHQYLURQPHQW





7KH DLPV RI WKLV 3K' WKHVLV UHVHDUFK ZHUH WR WHVW WKHVH K\SRWKHVHV XVLQJ
LQWHUGLVFLSOLQDU\ PHWKRGRORJ\ DQG ZHUH GLYLGHG LQWR IRXU REMHFWLYHV 7KHVH






 5HODWH WR[LFRORJ\GDWD WR WKH UHVLQH[WUDFWLYHVDQDO\VLVRIGLIIHUHQWSXOSPLOO
HIIOXHQWVROLGV








7KLV UHYLHZZLOO RXWOLQH WKH SXOS DQG SDSHU LQGXVWU\ DQG WKH HIIOXHQW ZDVWHV LW
JHQHUDWHV ZLWK SDUWLFXODU DWWHQWLRQ WR WKH WR[LFRORJ\ RI WKHVH ZDVWHV DQG WKHLU




$VVHVVPHQW RI HQYLURQPHQWDO ULVN DVVRFLDWHG ZLWK WKH GLVSRVDO RI ZDVWHZDWHU
VROLGVXVLQJDWKUHHFRPSRQHQWDSSURDFKZLOODOVREHRXWOLQHG/DERUDWRU\WHVWLQJ
RI VLQJOH RUJDQLVPV FKHPLFDO DQDO\VLV RI ZDVWHZDWHU VROLGV DQG HFRV\VWHP
PRQLWRULQJ IRUPDTXDOLW\DVVHVVPHQW WULDG'HWDLOVZLOOEHJLYHQDV WRKRZ WKLV
PD\EHGHYHORSHGDVDZHLJKWRIHYLGHQFHDSSURDFKWRDVVHVVLQJWKHVXLWDELOLW\RI





2YHUPLOOLRQ WRQQHVRISDSHUSURGXFWV DUHSURGXFHG LQ WKHZRUOG HDFK\HDU
%ODQFR HW DO  LQFOXGLQJ QHZVSULQW ZULWLQJ DQG SULQWLQJ SDSHU
FDUGERDUGSDFNDJLQJ DQG WLVVXH FROOHFWLYHO\ FDOOHG SDSHUSURGXFWV ,Q WKH
PDQXIDFWXUHRIRQH WRQQHRISDSHUPRUH WKDQFXELFPHWUHVRIZDWHUPD\EH
UHTXLUHG $OL DQG 6UHHNULVKQDQ  7KRPSVRQ HW DO  7KLV LQ WXUQPD\
OHDG WR ODUJH YROXPHV RIZDVWHZDWHU EHLQJ JHQHUDWHG LI SURFHVV WHFKQRORJ\ DQG
UHF\FOLQJDUHQRWZHOOGHYHORSHG7KHVHHIIOXHQWVUHTXLUH WUHDWPHQW LIVLJQLILFDQW
HQYLURQPHQWDO GLVUXSWLRQ LV WR EH DYRLGHG ZKHQ WKH\ DUH GLVFKDUJHG WR VXUIDFH
ZDWHU ERGLHV $OL DQG 6UHHNULVKQDQ  +LVWRULFDOO\ GLVFKDUJHV RI SXOS DQG
SDSHU PLOO HIIOXHQWV KDYH FDXVHG VLJQLILFDQW GDPDJH WR DTXDWLF HQYLURQPHQWV
+\Q\QHQ HW DO  -RKQVWRQ HW DO  7KRPSVRQ HW DO 




WR LQWHUDFWLRQV RI WKHVH FRPSRXQGVZLWK HDFK RWKHU &RXLOODUG DQG1HOOLV 
6RORPRQ  DQG LQWHUDFWLRQV ZLWK ELRWD LQ PLOO HIIOXHQW GXULQJ ZDVWH ZDWHU
WUHDWPHQW+DOODQG/LYHU7DYHUQGDOHHWDOD,QPDQ\PRGHUQPLOOV
UHGXFHG LQSXWV RI WR[LF FKHPLFDOV DQG LPSURYHG ZDVWHZDWHU WUHDWPHQW KDYH





TXDQWLWLHV RI VROLGV ZLWK ZLGHO\ GLIIHULQJ FRPSRVLWLRQV DUH SURGXFHG $OL DQG
6UHHNULVKQDQ  7KHVH ZDVWH VROLGV PD\ EH XWLOLVHG IRU HQHUJ\ JHQHUDWLRQ
%XVELQ.UDIWDQG2UHQGHUXVHGDVDUDZPDWHULDOLQRWKHUSURFHVVHV
:DQJ HW DO  RU GLVSRVHG RI EHQHILFLDOO\ WR ODQG +HQU\ DQG &ROH 
3ULGKDPDQG&OLQHEXWEHFDXVHRIJHQHUDOO\SRRUHQHUJ\\LHOGDQGFRVWVRI
KDQGOLQJ WKHVH ZDVWH PDWHULDOV DUH PRVW RIWHQ ODQGILOOHG )HOGNLUFKQHU HW DO
0DJHVDQDQG:DQJ






KLJK FRQFHQWUDWLRQV RI FRPSRXQGV WKDW DUH SRWHQWLDOO\ GHWULPHQWDO LQ WHUUHVWULDO




 3DUW , 3URGXFWLRQ RI 3XOS DQG 3DSHU DQG $VVRFLDWHG (IIOXHQW
:DVWHV
1HZ=HDODQG)RUHVWU\,QGXVWU\
)RUHVWU\ LV D PDMRU LQGXVWU\ LQ 1HZ =HDODQG ZLWK D VLQJOH WUHH VSHFLHV 3LQXV
UDGLDWDDFFRXQWLQJIRURIKDUYHVWHGSURGXFWLRQ/HZLVDQG)HUJXVRQ
1HZ=HDODQGLVHIIHFWLYHO\VHOIVXIILFLHQWLQZRRGSURGXFWVDQGH[SRUWVRYHU
RI DQQXDO KDUYHVW 0LQLVWU\ RI$JULFXOWXUH DQG )RUHVWU\ 0$)  )RUHVWU\
H[SRUWVFRPSULVHDOOWLPEHUSURGXFWVLQFOXGLQJVDZORJVVDZQWLPEHUZRRGFKLSV
DQG SXOS DQG SDSHU SURGXFWV /HZLV DQG )HUJXVRQ  )RUHVWU\ DQG LWV
DVVRFLDWHG SURFHVVLQJ LQGXVWULHV DFFRXQW IRU RYHU  RI WRWDO H[SRUW HDUQLQJV
 ELOOLRQ LQ  ZLWK WKH IRUHVWU\ VHFWRU FRQWULEXWLQJ  WR *URVV
'RPHVWLF 3URGXFW 0$)  3XOS DQG SDSHU SURGXFWV DFFRXQW IRU DERXW D
TXDUWHU RI IRUHVWU\ H[SRUWV DQG LQ PLOOLRQGU\ WRQQHV RI SXOS DQG
PLOOLRQ WRQQHV RI SDSHU ZHUH SURGXFHG LQ 1HZ =HDODQG 0$)  7KHVH




3ODQWDWLRQVJURZQ LQ1HZ=HDODQGDUHSULPDULO\ IRU WLPEHUSURGXFWLRQZLWK WKH
SXOSDQGSDSHU LQGXVWU\XWLOLVLQJ LQIHULRU VDZ ORJVDQGRWKHU UHVLGXHVXQVXLWDEOH




UHGXFLQJ ZRRG WR D ILEURXV PDVV WKH W\SH RI SURFHVV GHWHUPLQHV WKH H[WHQW WR
ZKLFKOLJQLQDQGZRRGH[WUDFWLYHVDUHUHPRYHGDQGWKHFKRLFHRISXOSLQJSURFHVV
LVGHSHQGDQWRQWKHW\SHVRISURGXFWVEHLQJPDQXIDFWXUHG6PRRN$ZLGH
YDULHW\ RI SXOS DQGSDSHU SURGXFWV DUHPDQXIDFWXUHG LQ1HZ=HDODQG LQFOXGLQJ





 0HFKDQLFDO SXOSV DUH SURGXFHG E\ HLWKHU VWRQH JURXQGZRRG RU UHILQHU
SXOSLQJSURFHGXUHVLQFOXGLQJWKHUPRPHFKDQLFDOSXOSLQJ703+LJK\LHOGVXS
WRRIUDZPDWHULDODUHREWDLQHGIURPPHFKDQLFDOSXOSVDQGDUHPDLQO\XVHG
IRU WKHPDQXIDFWXUH RI SULQWLQJ JUDGH SDSHU SULPDULO\ QHZVSULQW 6PRRN 
8SULFKDUG  &KHPLFDO SXOSLQJ SULQFLSDOO\ UHIHUV WR NUDIW SXOSLQJ DQG XVHV
FKHPLFDO WUHDWPHQW DW KLJK WHPSHUDWXUH DQG SUHVVXUH WR GLVVROYH OLJQLQ ZKLFK
ELQGVZRRGILEUHV&KHPLFDOSXOSVKDYHKLJKHUILEUHVWUHQJWKEXWORZHU\LHOGWKDQ
PHFKDQLFDOSXOSVRIWHQOHVV WKDQRIUDZPDWHULDO8SULFKDUG 6HPL
PHFKDQLFDO SXOSLQJ XWLOLVHV FKHPLFDOV WR SDUWLDOO\ GLJHVW ZRRG FKLSV EHIRUH
PHFKDQLFDOSXOSLQJDQG\LHOGV UDQJH IURPWRRI UDZPDWHULDO 6PRRN
2I1HZ=HDODQG¶V HLJKW SXOS DQGSDSHUPLOOV WZRDUH NUDIWPLOOVZKLFK
DFFRXQW IRU RYHU WZRWKLUGV RI WKH WRWDO SXOS DQG SDSHU SURGXFWLRQ 'HOO HW DO








FRORXU UHWXUQV RYHU WLPH ZKHQ SDSHU LV H[SRVHG WR OLJKW RU R[\JHQ GXH WR
FKHPLFDO UHDFWLRQV LQ WKH UHVLGXDOPROHFXOH± WKLV LV FDOOHGEULJKWQHVV UHYHUVLRQ
7R SURGXFH KLJK TXDOLW\ VWDEOH SXOSV EOHDFKLQJ PXVW LQYROYH GHOLJQLILFDWLRQ
XWLOLVLQJD VHTXHQFHRIEOHDFKLQJDQGH[WUDFWLRQ VWDJHVZLWKZDVKLQJRISXOS LQ
EHWZHHQVWDJHV6PRRN+LVWRULFDOO\HOHPHQWDOFKORULQH&OZDVXVHGDVD
EOHDFKLQJDJHQWEXWVLQFHWKHODWH¶V&OEHHQUHSODFHGE\HOHPHQWDOFKORULQH
IUHH (&) RU WRWDOO\ FKORULQHIUHH 7&) SURFHGXUHV DV D FRQVHTXHQFH RI WKH
HQYLURQPHQWDO KD]DUGV DVVRFLDWHG ZLWK E\SURGXFWV RI FKORULQH EOHDFKLQJ
%OHDFKLQJ DJHQWV WKDW KDYH UHSODFHG &O LQFOXGH FKORULQH GLR[LGH K\GURJHQ
SHUR[LGHR[\JHQDQGR]RQH$OLDQG6UHHNULVKQDQ

$ VXPPDU\ RI SDSHUPDNLQJ LV WKDW SXOS LV GLOXWHG WR  VROLGV RU OHVV EHIRUH
EHLQJSXPSHG WR WKHKHDGER[RI WKHSDSHUPDFKLQH3DSHUPDNLQJ LV WKHSURFHVV
 
ZKHUHE\ SXOS DQG DGGLWLRQDO ILOOHUV DQG VL]LQJ DJHQWV DUH LQWURGXFHG RQWR D











QHHG WR LQFUHDVH HIILFLHQF\RI UHVRXUFHXVH EXW DOVR WR UHGXFHGLVFKDUJHV0RVW





FKHPLFDO ILEUH DQG GLVVROYHG RUJDQLFV 7KRPSVRQ HW DO  7KHVH FKDQJHV
ZKLOH EHLQJ FDSLWDO LQWHQVLYH KDYH UHVXOWHG LQ HFRQRPLF DQG HQYLURQPHQWDO




(IIOXHQWV DUH FRPSOH[ PL[WXUHV LQFOXGLQJ RUJDQLF FRQVWLWXHQWV &DUOEHUJ DQG
6WXWKULGJH  +HZLWW HW DO  DQG PXVW EH WUHDWHG DFFRUGLQJ WR WKHLU
SDUWLFXODUFKDUDFWHULVWLFVEHIRUHGLVFKDUJHWRVXUIDFHZDWHUERGLHVLIHQYLURQPHQWDO





SDSHUPDNLQJ 3DSHU PDFKLQH HIIOXHQW RU ZKLWH ZDWHU WHQGV WR KDYH D ORZHU
RUJDQLF ORDG WKDQ HIIOXHQW IURP WKH SXOSLQJ VWDJHV  7KLV PD\ KDYH LWV RZQ
SUREOHPVLQWKDWUHFRYHU\RIFKHPLFDORURUJDQLFPDWHULDOLVQRWIHDVLEOHLQVXFKD
GLOXWH HIIOXHQW XQOLNH VRPH SXOS HIIOXHQW VWUHDPV WKDW DUH YHU\ FRQFHQWUDWHG
0HFKDQLFDOSXOSLQJZKLOHUHOHDVLQJOHVVPDWHULDOWRSURFHVVZDWHUWKDQFKHPLFDO
SXOSLQJ GLVFKDUJHV D PRUH FRQFHQWUDWHG HIIOXHQW PRVWO\ OLJQLQ DQG ZRRG
H[WUDFWLYHVGHVSLWHWKHFKHPLFDOSURFHVVORVLQJXSWRRIUDZPDWHULDO7KLVLV
GXH WR FKHPLFDO SXOSLQJ SURFHVVHV XWLOLVLQJ V\VWHPV ZKHUHE\ FKHPLFDOV DUH
UHFRYHUHG DQGGLVVROYHGRUJDQLFV DUH UHPRYHG VXFK DV LQ WDOO RLO RU UHWDLQHG LQ
UHFRYHUHGOLTXRUVZKLFKDUHWKHQLQFLQHUDWHGLQUHFRYHU\ERLOHUV7KRPSVRQHWDO
(IIOXHQWIURPFKHPLFDOSXOSLQJFDQFRQWDLQWUDQVIRUPHGZRRGH[WUDFWLYHV
)RU H[DPSOH QDWLYH UHVLQ DFLGV DUH UHDGLO\ LVRPHULVHG GXULQJ FKHPLFDO SXOSLQJ
=HQGHUHWDO7KHVLQJOHJUHDWHVWXVHRIZDWHULQPRGHUQPLOOVLVWKHEOHDFK
VWDJH DFFRXQWLQJ IRU  RI WRWDO ZDWHU XVH -RKQVWRQ HW DO  6LJQLILFDQW
HIIOXHQW VWUHDPV PD\ DOVR FRPH IURP WKH ORJ \DUG GHEDUNLQJ RSHUDWLRQV OLPH











(QYLURQPHQWDO HIIHFWV DQG LQ SDUWLFXODU WR[LFRORJ\ RI SXOS DQG SDSHU PLOO
ZDVWHZDWHUGLVFKDUJHVZLOOEHDGGUHVVHGLQGHWDLOLQVHFWLRQRIWKLVUHYLHZ

3ULRU WR WKH ¶V SXOS DQG SDSHU PLOO HIIOXHQWV ZHUH FRPPRQO\ GLVFKDUJHG
GLUHFWO\ WR UHFHLYLQJ ZDWHUV ZLWK PLQLPDO RU QR WUHDWPHQW *UDGXDOO\ DV























ZHUH LQWURGXFHG WR OLPLW GLVFKDUJHV 0XQNLWWULFN HW DO  3RNKUHO DQG






LV IUHTXHQWO\ LPSRVVLEOH WR VHSDUDWH WR[LF HIIHFWV IURPRWKHUQHJDWLYH LPSDFWV LQ
QDWXUDOHQYLURQPHQWV:DOGHQ$VWKHSXOSDQGSDSHU LQGXVWU\GHYHORSHG
WKHQDWXUHRIGLVFKDUJHVKDVFKDQJHGDVRXWOLQHGLQVHFWLRQGXHWRSURFHVV
FKDQJHV DQG WKH QHHG WR LPSURYH GLVFKDUJH TXDOLW\ ,QWHUDFWLRQV RI LQWHUQDO





GLIILFXOW IURP DQ HQYLURQPHQWDO SHUVSHFWLYH DV FRQWLQXDOO\ FKDQJLQJ LGHDV DQG
YDU\LQJHPSKDVLVRQHQYLURQPHQWDOLVVXHVPHDQWKDWVFLHQWLVWVKDYHDFRQWLQXDOO\
PRYLQJWDUJHWRILQWHUHVWWRVWXG\7KHUDWHRIFKDQJHRIHIIOXHQWFKDUDFWHULVWLFVLV
RIWHQPXFK IDVWHU WKDQ WKH UDWHRIDFFXPXODWLRQRI VRXQGVFLHQWLILF HYLGHQFH IRU
HQYLURQPHQWDO HIIHFWV'XH WR WKH FRPSOH[LW\ RI WKHVH HIIOXHQWV WKH SUREOHP RI
KRZWRPLQLPLVHHQYLURQPHQWDOLPSDFWVRISXOSDQGSDSHULQGXVWU\GLVFKDUJHVLV
XQOLNHO\WREHFRPSOHWHO\UHVROYHGXQOHVVWKHLQGXVWU\DFKLHYHV]HURGLVFKDUJH$






KDYH GHYHORSHG LQ WKH WUHDWPHQW RI PXQLFLSDO HIIOXHQWV /LVV DQG $OOHQ 
7UHDWPHQW FDQ EURDGO\ EH GHILQHG DV EHLQJ SK\VLFDO RU ELRORJLFDO 3ULPDU\
WUHDWPHQW UHIHUV WR WKH UHPRYDO RI VROLGPDWHULDO E\PHFKDQLFDOPHDQVZKHUHLQ
HIIOXHQW PD\ XQGHUJR VHFRQGDU\ WUHDWPHQW XWLOLVLQJ ELRORJLFDO PHDQV WR IXUWKHU
 
UHGXFH VROLG DQG GLVVROYHG RUJDQLF ORDGV  3ULPDU\ WUHDWPHQWZDV LQWURGXFHG LQ
PDQ\PLOOV WR UHPRYH VXVSHQGHG VROLGV DQG UHGXFH R[\JHQ GHPDQG 6HFRQGDU\
WUHDWPHQW EHFDPHZLGHVSUHDG DV GLVFKDUJH UHJXODWLRQVZHUH SURJUHVVLYHO\PDGH
PRUH VWULQJHQW 7RGD\ VRPHPLOOV XQGHUWDNH WHUWLDU\ WUHDWPHQW RI HIIOXHQW DV D
ILQDO µSROLVKLQJ¶EHIRUHGLVFKDUJH WR UHFHLYLQJZDWHUV7HUWLDU\ WUHDWPHQWXWLOLVHV
ERWKSK\VLFDODQGELRORJLFDOPHFKDQLVPV7KRPSVRQHWDO

)DFWRUV VXFK DV WKH HIIOXHQW SROOXWDQW ORDGLQJ DQG WKH QDWXUH RI WKH UHFHLYLQJ
HQYLURQPHQWGHWHUPLQH WKH W\SHRI WUHDWPHQW V\VWHPUHTXLUHG WRPHHWGLVFKDUJH
VWDQGDUGVLPSRVHGE\HQYLURQPHQWDODXWKRULWLHV3RNKUHODQG9LUDUDJKDYDQ
0LOOVWKDWSUHGRPLQDWHO\XWLOLVHPHFKDQLFDODQGWKHUPRPHFKDQLFDOSXOSLQJ703
UHOHDVH ORZHU SROOXWLRQ ORDGV WR SURFHVV ZDWHUV WKDQ VHPLFKHPLFDO DQG FKHPL
WKHUPRPHFKDQLFDO&703SURFHVVHVZKLFKSURGXFHLQWHUPHGLDWHSROOXWLRQORDGV
&KHPLFDO SXOSLQJ SURGXFHV FRQFHQWUDWHG EODFN OLTXRU ZLWK KLJK UHVLGXDO OLJQLQ
$OLDQG6UHHNULVKQDQ$VSUHYLRXVO\GLVFXVVHGFRQFHQWUDWHGHIIOXHQWVPD\
EH HIIHFWLYHO\ WUHDWHG LQ WKHPLOO LWVHOI WR UHFRYHU FKHPLFDO DQGRUJDQLFPDWHULDO
ZLWK WKH UHVXOW WKDWSURFHVVHV WKDW UHOHDVH WKHJUHDWHVW ORDG LQ WHUPVRIPDVV WR





DV DPLQLPXP SULPDU\ WUHDWPHQWZKLFK HQWDLOV SK\VLFDO UHPRYDO RI SDUWLFXODWH
PDWWHU IURP WKH HIIOXHQW VWUHDP WKURXJK VHGLPHQWDWLRQ IORWDWLRQ DQG VFUHHQLQJ
3ULPDU\WUHDWPHQWFDQUHGXFHVXVSHQGHGVROLGVE\PRUHWKDQ7KRPSVRQHW
DOZLWKUHVXOWLQJVROLGVFRPSRVHGPRVWO\RIEDUNILEUHVILOOHUDQGFRDWLQJ
PDWHULDO %XVELQ  3RNKUHO DQG 9LUDUDJKDYDQ  8SULFKDUG  ,I
GLVFKDUJH LVQRW WRD ODUJHERG\RIZDWHUVXFKDV WKHRSHQRFHDQ WKHQVHFRQGDU\
WUHDWPHQW ZLOO EH UHTXLUHG WR UHGXFH ELRORJLFDO R[\JHQ GHPDQG %2' DQG
FKHPLFDO R[\JHQ GHPDQG &2' VXVSHQGHG VROLGV RUJDQLF DQG LQRUJDQLF








DQG HYROXWLRQRI&2 RUPHWKDQH $OL DQG6UHHNULVKQDQ7KRPSVRQ HW DO
 2UJDQLF PDWHULDO PD\ EH FRPSOHWHO\ R[LGLVHG WR &2 SDUWLDOO\
R[LGLVHGELRWUDQVIRUPHGRUIL[HGDVELRPDVV$OWHUQDWLYHO\LWPD\DEVRUEWRVROLG
PDWHULDO VXFK DV ELRVROLGV RU SDVV WKURXJK WKH WUHDWPHQW V\VWHP XQPRGLILHG
0RKQHWDO3RNKUHODQG9LUDUDJKDYDQ=HQGHUHWDO
&RPPRQ VHFRQGDU\ WUHDWPHQW V\VWHPV XVHG LQ WKH SXOS DQG SDSHU LQGXVWU\ DUH
DHUDWHG VWDELOLVDWLRQ EDVLQV $6% DFWLYDWHG VOXGJH DQG DHURELFDQDHURELF
ELRORJLFDOUHDFWRUV*HQHUDOO\DFWLYDWHGVOXGJHV\VWHPVDUHHIILFLHQWDWUHPRYLQJ
%2' &2' DGVRUEHG RUJDQLF KDOLGHV $2; FKORULQDWHG SKHQROLFV DQG RWKHU
RUJDQLFFRQWDPLQDQWV7KRPSVRQHWDO7KHVHV\VWHPVRSHUDWHZLWKORZHU
UHVLGHQFH WLPHV DQG WKHUHIRUH KDYH ORZHU V\VWHP YROXPHV DQG ODQG DUHD
UHTXLUHPHQWV WKDQ $6% V\VWHPV 7KRPSVRQ HW DO  $HUDWHG VWDELOLVDWLRQ








WKDQ HLWKHU$6% RU DFWLYDWHG VOXGJH V\VWHPV DQG KDYH WKH DGGHG DGYDQWDJH RI
PHWKDQHJHQHUDWLRQ+RZHYHU WKH\GRKDYH WKHGLVDGYDQWDJH WKDWVKRFNORDGLQJ
FDQ UHGXFH WUHDWPHQW HIILFLHQF\ DQG WKH\ DOVR KDYH OLPLWHG DELOLW\ WR UHPRYH
SRRUO\GHJUDGDEOHWR[LFFRPSRXQGV7KRPSVRQHWDO,QRUGHUWRPDLQWDLQ




DV UHVLQ H[WUDFWLYHV 5( ZKLFK LQFOXGH GLWHUSLQH UHVLQ DFLGV IDWW\ DFLGV
 
SK\WRVWHUROV SKHQROLFV DQG PRQRWHUSLQHV 8SULFKDUG  7KHVH ELRORJLFDOO\
DFWLYH FRPSRXQGV /D)OHXU  DUH UHOHDVHG GXULQJ WKH SXOSLQJ SURFHVV
UHVXOWLQJ LQ VLJQLILFDQW FRQFHQWUDWLRQV LQ HIIOXHQWV LI UHFRYHU\ SURFHVVHV DUH QRW
XWLOLVHG ,Q 7&) DQG (&) PLOOV WKDW XVH VRIWZRRGV DV WKH SUHGRPLQDQW PLOO
IXUQLVKPRVWHIIOXHQWWR[LFLW\LVDVVRFLDWHGZLWK5(DQGWKHLUPHWDEROLWHVQDPHO\
UHVLQ DFLGV %RJGDQRYD DQG1LNLQPDD  UHVLQ DFLG QHXWUDOV %LOOLDUG HW DO
 SK\WRVWHUROV /HKWLQHQ HW DO  DQG IDWW\ DFLGV /HDFK DQG 7KDNRUH
 6HFRQGDU\ WUHDWPHQW HIIHFWLYHO\ UHPRYHV WKH PDMRULW\ RI 5( IURP WKH
HIIOXHQWEHIRUH LW LVGLVFKDUJHG WRVXUIDFHZDWHUERGLHV.RVWDPRDQG.XNNRQHQ
 6WXWKULGJH HW DO  7DYHUQGDOH HW DOD 5HVLQ H[WUDFWLYHV DUH
UHPRYHG IURP HIIOXHQW YLD VHYHUDO URXWHV WKH PDLQ RQHV EHLQJ ELRGHJUDGDWLRQ
ELRWUDQVIRUPDWLRQ DQG VRUSWLRQ WR RUJDQLF PDWWHU 0DNULV DQG %DQHUMHH 
7DYHUQGDOH HW DO D 8QGHU DHURELF FRQGLWLRQV WKH PDMRULW\ RI 5( DUH
GHJUDGHG E\ DHURELF PHWDEROLVP LQ D IHZ KRXUV WR D IHZ GD\V $OL DQG
6UHHNULVKQDQ0DLQWDLQLQJWKHGHJUHHRIDHUDWLRQUHTXLUHGIRUWKLVOHYHORI
GHJUDGDWLRQKRZHYHUPD\QRWEHSRVVLEOHLQDOO$6%V\VWHPV8QGHUORZR[\JHQ




 RI WRWDO H[WUDFWLYHV IRXQG LQ3 UDGLDWD 8SULFKDUG  )RU WKLV UHDVRQ
UHVLQDFLGVDUHPDMRUFRPSRQHQWVRISXOSLQJHIIOXHQWV5HVLQDFLGVDUHGLWHUSLQHV
V\QWKHVLVHG E\ SODQWV DQG FRQVLVW RI  LVRSUHQH VXEXQLWV IRUPLQJ D WULF\FOLF
VWUXFWXUH 0F0XUUD\5HVLQDFLGVDUHFODVVLILHGDVDELHWDQHVRUSLPHUDQHV
EDVHG RQ WKH VLGH FKDLQV DW WKH & FDUERQ SRVLWLRQ )LJXUH  $ELHWDQHV
FRQWDLQDQLVRSURS\OJURXSZKLOHSLPHUDQHVFRQWDLQDYLQ\ODQGDPHWK\OJURXS
6WUXFWXUDOVWDELOLW\FRQIHUUHGE\WKHVHVLGHFKDLQVLVLPSRUWDQWLQWKHGHJUDGDWLRQ
RI WKHVH FRPSRXQGV 0DUWLQ HW DO 'HK\GURDELHWLF DFLG LV WKH RQO\ UHVLQ
DFLGIRXQGLQZRRGWKDWFRQWDLQVDQDURPDWLFULQJ)LJXUHDQGWKLVLQFUHDVHV
WKHVWDELOLW\RIWKLVUHVLQDFLGFRPSDUHGWRWKHRWKHUQDWLYHUHVLQDFLGV,PSRUWDQW
PRGLILFDWLRQV WR UHVLQ DFLGV UHVXOW IURP WKH LQFRUSRUDWLRQ RI FKORULQH GXULQJ
FKORULQH EOHDFKLQJ5HVLQ DFLGV FDQ EH FKORULQDWHG DW WKH& DQG& SRVLWLRQ
DQGWKHVHPRGLILFDWLRQVFRQIHUJUHDWHUWR[LFLW\DQGUHFDOFLWUDQFHWRWKHUHVLQDFLG
 







HW DO 0DUWLQ HW DO  7UDQVIRUPDWLRQ UHDFWLRQV IRUP GHFDUER[\ODWHG
DQGDURPDWLVHGSURGXFWVVRPHVWUXFWXUHVVKRZQLQ)LJXUHVXFKDVILFKWHOLWH
GHK\GURDELHWLQ DQG UHWHQH 0DUWLQ HW DO 5HVLQ DFLGV DQG WKHLU DQDHURELF
WUDQVIRUPDWLRQSURGXFWV DUH UHFDOFLWUDQW LQ DQDHURELF HQYLURQPHQWV DV HYLGHQFHG




































QXPEHU RI FRPSRXQGV 7KH EXON RI SXOSPLOO HIIOXHQW VROLGV 30(6 FRPSULVH
RUJDQLF FRPSRXQGV RI ERWK KLJK DQG ORZPROHFXODU ZHLJKWV GHULYHG IURPPLOO
IXUQLVK +LJK PROHFXODU ZHLJKW FRPSRXQGV DUH WKRVH WKDW DUH VWUXFWXUDO
FRPSRQHQWVRIZRRGVXFKDVFHOOXORVHDQGOLJQLQSRO\PHUVZKLFKSDUWLFXODUO\WKH
ODWWHU GR QRW XQGHUJR UDSLG GHJUDGDWLRQ GXH WR WKHLU XQUHDFWLYH QDWXUH /RZ
PROHFXODUZHLJKW FRPSRXQGV VXFK DV UHVLQ DFLGV DQG IDWW\ DFLGV XQGHUJRPXFK




7KH WUHDWPHQWRISXOSDQGSDSHUHIIOXHQWV UHVXOWV LQ WKH UHPRYDORIPXFKRI WKH
SROOXWLRQ ORDG EHIRUH HIIOXHQWV DUH GLVFKDUJHG :KLOH FRPELQHG SULPDU\ DQG
VHFRQGDU\ WUHDWPHQW V\VWHPV PD\ HIILFLHQWO\ UHPRYH RUJDQLF FRPSRXQGV IURP
SXOS PLOO HIIOXHQW PXFK RI WKLV UHPRYDO FDQ EH GXH WR WKH WUDQVIHU RI RUJDQLF
FRPSRXQGVWRVROLGV/LXHWDO7DYHUQGDOHHWDOD6ROLGVDUHHLWKHU
UHPRYHGPHFKDQLFDOO\RUUHWDLQHGLQWKHWUHDWPHQWV\VWHPEXWXOWLPDWHO\PXVWEH












WR VHFRQGDU\ WUHDWPHQW DUH ODUJHO\ FRPSRVHG RI ILEUHV WKDW KDYH EHHQ ORVW WR
SURFHVV ZDWHU 6HFRQGDU\ VROLGV RU ELRVROLGV KDYLQJ XQGHUJRQH ELRORJLFDO
WUHDWPHQW KDYH D KLJK ELRPDVV FRQWHQW 3ULPDU\ VROLGV KDYH FDUERQ WR QLWURJHQ
 
UDWLRV&1UDQJLQJIURPWRZKHUHDVVHFRQGDU\VROLGVWHQGWRKDYHPXFK
ORZHU&1 SDUWLFXODUO\ LI QLWURJHQ LV DGGHG WR WKH WUHDWPHQW V\VWHP WR LPSURYH
HIILFLHQF\ 9DQFH7KHGLVWULEXWLRQRI UHVLQ DFLGV IRXQG LQSULPDU\VROLGV
UHIOHFWV WKHGLVWULEXWLRQRIQDWLYH UHVLQDFLGVIRXQG LQVRIWZRRGIXUQLVKZKHUHDV
WKH GLVWULEXWLRQ RI UHVLQ DFLGV IRXQG LQ VHFRQGDU\ VROLGV UHIOHFWV WKH PLFURELDO
WUDQVIRUPDWLRQSURFHVVHVWKDWRFFXULQWKHWUHDWPHQWV\VWHP=HQGHUHWDO










30(6 LV D JURZLQJ SUREOHP IRU D QXPEHU RI UHDVRQV LQFOXGLQJ LQFUHDVHG
YROXPHV EHLQJ SURGXFHG OLPLWHG VSDFH DYDLODEOH LQ H[LVWLQJ ODQGILOOV WKH FRVWV





(QYLURQPHQWDO WR[LFRORJ\ DV D GLVFLSOLQH GHYHORSHG IURP FODVVLFDO RU KXPDQ
WR[LFRORJ\ZKLFKKDV DPXFK ORQJHUKLVWRU\ :ULJKW DQG:HOERXUQ7KH
VWXG\ RI WKH HIIHFWV RI WR[LF VXEVWDQFHV LQ WKH HQYLURQPHQW KDV RQO\ GHYHORSHG
VLJQLILFDQWO\ LQ WKH ODWHU SDUW RI WKH WZHQWLHWK FHQWXU\ DV KDV SXEOLF FRQFHUQ




WR[LF VXEVWDQFHV FDQ QRW EH VDWLVIDFWRULO\ DFFRPSOLVKHG XVLQJ FKHPLFDO DQDO\VLV
 
DORQH 5RPENH DQG 0ROWPDQQ  DV SROOXWDQWV PD\ H[LVW LQ PDQ\ IRUPV
VRPH RIZKLFKPD\ QRW EH HDVLO\ GHWHFWDEOH DQG LGHQWLILHG7KH IUDFWLRQ WKDW LV
DYDLODEOH WR OLYLQJ RUJDQLVPV LV RI JUHDWHU UHOHYDQFH WR XQGHUVWDQGLQJ
HQYLURQPHQWDO LPSDFWV WKDQ WRWDO DPRXQWV RI VXEVWDQFHV (VWLPDWLQJ WKH
ELRDYDLODEOH IUDFWLRQ DQG LWV HIIHFW RQ RUJDQLVPV LV LQVXIILFLHQW E\ FKHPLFDO
DQDO\VLV'HEXVDQG+XQGDVWKHELRDYDLODELOLW\RIFKHPLFDOVLVGHWHUPLQHG
E\ QXPHURXV ELRWLF DQG DELRWLF IDFWRUV 2UJDQLVPV PD\ EH H[SRVHG WR WR[LF
VXEVWDQFHVE\PDQ\GLIIHUHQW URXWHVDQGUDWHVRIXSWDNHDQGH[FUHWLRQFDQYDU\





WKH FRPPXQLW\ :ULJKW DQG:HOERXUQ  (FRWR[LFRORJ\ LV FRQFHUQHG ZLWK
DVVHVVLQJHFRORJLFDOIDWHDQGHIIHFWVRIFRQWDPLQDQWVLQWKHHQYLURQPHQW0RULDUW\










HPEUDFHV ERWK WKHVH GLVFLSOLQHV´ /HYHOV RI RUJDQLVDWLRQ LQ ELRORJLFDO V\VWHPV
UDQJH IURP WKH PROHFXODU WR WKH ELRVSKHUH DQG ZLWK HDFK KLJKHU OHYHO RI
RUJDQLVDWLRQ LW EHFRPHV LQFUHDVLQJO\ GLIILFXOW WR HVWDEOLVK FOHDU FXW UHODWLRQVKLSV
EDVHGRQFDXVHDQGHIIHFW 5RPENHDQG0ROWPDQQ7KLVKDV LPSOLFDWLRQV




RU ORZHU 5RPENH DQG0ROWPDQQ  JR IXUWKHU DQG VWDWH WKDW µWKHVH WHVWV
 
ZKLFKDUHUHODWLYHO\VLPSOHDQGHDV\WRUHSURGXFHKDYHQRUHOHYDQFHZKDWVRHYHU
IRU FRQGLWLRQV LQ WKH ILHOG WKH UHVXOWV RI ODERUDWRU\ WHVWV DUH DOZD\V RSHQ WR
TXHVWLRQRU LQ QHHGRI IXUWKHU YHULILFDWLRQ¶ 5RPENH DQG0ROWPDQQ ,Q D
WR[LFLW\ DVVHVVPHQWRI D FRPSOH[ VHZDJH HIIOXHQW3UDWWHW DO  IRXQG WKDW
ODERUDWRU\WHVWVLQFOXGLQJVLQJOHVSHFLHVDQGPLFURFRVPWHVWVGLGQRWFRUUHVSRQG
ZLWKREVHUYHG HQYLURQPHQWDO HIIHFWV1RQHRI WKH ODERUDWRU\ WHVWV VXJJHVWHG WKH
VHYHULW\ RI LQVWUHDP LPSDFWV RQ WD[RQRPLF ULFKQHVV DQG SRSXODWLRQ VL]H 7KLV
VWXG\ KLJKOLJKWHG WKH GLIILFXOW\ LQ DVVHVVLQJ HQYLURQPHQWDO LPSDFWV RI FRPSOH[
PL[WXUHV RI FKHPLFDOV ZKRVH FKDUDFWHULVWLFV DUH VXEMHFWHG WR PDQ\ YDULDEOHV




2UJDQLVPV KDYH HYROYHG PHFKDQLVPV WR UHJXODWH DQG SURWHFW WKHPVHOYHV IURP
GDPDJLQJFKHPLFDOV)RUVRPHHOHPHQWVWKDWDUHUHTXLUHGSK\VLRORJLFDOO\WKHUHLV
D YHU\ QDUURZ UDQJH RI FRQFHQWUDWLRQ EHWZHHQ GHILFLHQF\ DQG WR[LFLW\ DQG VR
UHJXODWRU\PHFKDQLVPVKDYHHYROYHG WRPDLQWDLQ OHYHOVEHORZD WR[LF WKUHVKROG
5HJXODWRU\ PHFKDQLVPV DUH DOVR UHVSRQVLEOH IRU FRQWUROOLQJ PHWDEROLVP DQG















RU VXEVWDQFH XQGHU ULJRURXVO\ FRQWUROOHG ODERUDWRU\ FRQGLWLRQV $ YDULHW\ RI
 
HQGSRLQWV VXFK DV PRUWDOLW\ JURZWK DQG UHSURGXFWLRQ PD\ EH DVVHVVHG )RU DQ
HQGSRLQWVXFKDVPRUWDOLW\UHVXOWVPD\EHSUHVHQWHGDVDOHWKDOFRQFHQWUDWLRQHJ
/& WKH FRQFHQWUDWLRQ UHTXLUHG WR NLOO  RI WHVW RUJDQLVPV LQ D VHW WLPH
2WKHU HQGSRLQWV PD\ EH DVVHVVHG E\ WKH FRQFHQWUDWLRQ DW ZKLFK  RI D WHVW
SRSXODWLRQDUHDIIHFWHG(&RU WKHFRQFHQWUDWLRQZKHUH WKHUH LVQRREVHUYDEOH
HIIHFW12(&,QLWLDOO\DUDQJHILQGHUH[SHULPHQWPD\EHUHTXLUHGWRHVWDEOLVKD
FRQFHQWUDWLRQ WKUHVKROG IRU WR[LFLW\ ZKLFK ELRDVVD\V WKHQ EUDFNHW :ULJKW DQG
:HOERXUQ

%LRDVVD\ RUJDQLVPV DUH FKRVHQ WR ILW D YDULHW\ RI UHTXLUHPHQWV 7KH\ PXVW EH
UHSUHVHQWDWLYHRIDFODVVRIRUJDQLVPVWKDW\RXZLVKWRVWXG\LQWKHHQYLURQPHQW
7KHRUJDQLVPVXVHGVKRXOGDOVREHZHOOXQGHUVWRRGLQWHUPVRIWKHLUOLIHVWUDWHJLHV
DQG IXQFWLRQ LQ SDUWLFXODU HFRV\VWHPV 2I JUHDW LPSRUWDQFH LV WKH DELOLW\ RI DQ
RUJDQLVP WRDGDSW WR ODERUDWRU\FRQGLWLRQVVR WKDWHIIHFWVFDQEHUHODWHG WRGRVH




LVQRWD FOHDUGLVWLQFWLRQEHWZHHQ WKH WZR6XEDFXWHRUFKURQLF HIIHFW DVVD\VDUH
XVHGWRLQYHVWLJDWH WR[LFLW\DWFRQFHQWUDWLRQVEHORZDQDFXWH/&FRQFHQWUDWLRQ
&KURQLFHIIHFWVPD\EHREVHUYHGDWFRQFHQWUDWLRQVPDQ\WLPHVORZHUWKDQWKRVHDW






ZLWK SXOSPLOO GLVFKDUJHV -RKQVWRQ HW DO   6WXGLHV E\YDQ+RUQ LQ
GRFXPHQWHGNUDIWPLOOVDVVRXUFHVRIFRPSRXQGVWR[LFWRILVK=DQHOOD7KH
PRVW DSSDUHQW HIIHFWV RQ UHFHLYLQJ ZDWHUV ZHUH UHGXFHG R[\JHQ OHYHOV











LQELRWD H[SRVHG WRSXOSDQGSDSHUPLOO GLVFKDUJHV <XQNHU DQG&UHWQH\
7KHVH FKORULQDWHG FRPSRXQGV LQFOXGHG SKHQROLFV IDWW\ DFLGV DQG UHVLQ DFLGV DV
ZHOO DV GLR[LQV DQG IXUDQV ZKLFK LQFOXGH VRPH RI WKH PRVW WR[LF FRPSRXQGV
NQRZQ$OLDQG6UHHNULVKQDQ<XQNHUDQG&UHWQH\,QWKHODWH¶V
DQG HDUO\ ¶V WKHUH ZDV LQFUHDVLQJ SUHVVXUH WR VLJQLILFDQWO\ UHGXFH
RUJDQRFKORULQHGLVFKDUJHVLQSXOSDQGSDSHUPLOOHIIOXHQWVDVWKH\ZHUHEHOLHYHG
WREHPDMRUFRQWULEXWRUV WR WR[LFLW\REVHUYHGLQ WKHVHHIIOXHQWV6DQGVWURPHWDO
6RORPRQ6LQFHWKH¶VSURFHVVLPSURYHPHQWVUHSODFHGHOHPHQWDO
FKORULQH EOHDFKLQJ RI ZRRG SXOSV LQ GHYHORSHG FRXQWULHV KRZHYHU HOHPHQWDO
FKORULQHLVVWLOOZLGHO\XVHGLQGHYHORSLQJFRXQWULHV$OLDQG6UHHNULVKQDQ
7KH UHPRYDO RI HOHPHQWDO FKORULQH IURP EOHDFKLQJ SURFHVVHV UHVXOWHG LQ D
VXJJHVWHG UHGXFWLRQ LQ HIIOXHQW WR[LFLW\ DQG DOVR V\PSWRPDWLF FKDQJHV EXW QRW
DEVHQFH RI FKURQLF LPSDFWV 0XQNLWWULFN DQG 6DQGVWURP  2
&RQQHU HW DO
1HZUHVHDUFKDOVRGHPRQVWUDWHGWKDWFKURQLFLPSDFWVSUHYLRXVO\DVVRFLDWHG
ZLWK WKH XVH RI HOHPHQWDO FKORULQH ZHUH REVHUYHG LQ UHFHLYLQJ HQYLURQPHQWV
GRZQVWUHDPRIPLOOVWKDWKDGQHYHUXVHGHOHPHQWDOFKORULQHDQGVKRZHGWKDWPLOOV
WKDW FKDQJHG WR (&) RU 7&) SURFHVVLQJ VWLOO H[KLELWHG DFXWH OHWKDOLW\ LQ WKHLU











GLVFKDUJHV FKDQJHG VR GLG WKHLU HQYLURQPHQWDO HIIHFWV 6HUYRV 
([WUDSRODWLQJGDWDJDWKHUHG IURPRQH VLWH WRZKDWPLJKW EH H[SHFWHG DW DQRWKHU
ZDV SUREOHPDWLF SDUWO\ GXH WR WKH JUHDW YDULDELOLW\ RI GLVFKDUJHV DQG UHFHLYLQJ
HQYLURQPHQWV DQG SDUWO\ EHFDXVH WKH FRPSRXQGV UHVSRQVLEOH IRU HQYLURQPHQWDO
HIIHFWV ZHUH QRW NQRZQ +HZLWW HW DO  0F0DVWHU HW DO  ,W ZDV
REVHUYHG WKDW ZKHQ DFXWH HIIHFWV GLVDSSHDUHG GXH WR SURFHVV FKDQJHV DQG




WKH HQYLURQPHQWDO IDWH DQG HIIHFWV RI SXOS DQG SDSHU PLOO HIIOXHQWV $OL DQG
6UHHNULVKQDQ+HZLWWHWDO/LVVHWDO0XQNLWWULFNHWDO
:DOGHQ7KHUHLVDODUJHERG\RIOLWHUDWXUHRQWKHWR[LFHIIHFWVRISXOSDQG






FRPSRXQGV UHVSRQVLEOH IRU HIIHFWV REVHUYHG LQ DTXDWLF HFRV\VWHPV IRFXVHG RQ
QDWXUDO FRPSRXQGV UHOHDVHG IURP ZRRG UDWKHU WKDQ WKRVH LQWURGXFHG GXULQJ
LQGXVWULDOSURFHVVHV

(DUO\ZRUN LQGLFDWHG WKDW UHVLQ DFLGV DQG IDWW\ DFLGV DFFRXQWHG IRU RI WKH
WR[LFLW\ REVHUYHG LQ XQEOHDFKHG NUDIW SXOSLQJ ZKLWHZDWHU /HDFK DQG 7KDNRUH
(YHQLQ(EHOLQJKDGVKRZQWKDWUHVLQDFLGVFDXVHGILVKGHDWKDWPJ
ODQGYDQ+RUQLGHQWLILHGIDWW\DFLGVWREHWR[LFLQ:DOGHQ(DUO\
UHVHDUFK IRFXVHG RQ XQEOHDFKHG NUDIW HIIOXHQWV DV WKHVH ZHUH WKH SUHGRPLQDQW
SURFHVVZDVWHVEHLQJSURGXFHG%\WKH¶VHYLGHQFHZDVEHJLQQLQJWRHPHUJH
IRU WR[LF HIIHFWV RI EOHDFK SODQW HIIOXHQWV DQG FKORULQH ZDV LPSOLFDWHG DV D
FRQWULEXWRUWRHIIOXHQWWR[LFLW\:DOGHQ7R[LFLW\ZDVWKRXJKWWREHGXHWR
UHVLGXDOFKORULQHUDWKHUWKDQFKORULQDWHGRUJDQLFVIRUPHGGXULQJEOHDFKLQJDQGLQ
WKHHIIOXHQWV :DOGHQ/HDFKDQG7KDNRUH  IRXQG WR[LF FKORULQDWHG
 
JXDLDFROV DQG UHVLQ DFLGV LQ EOHDFK SODQW HIIOXHQWV IURP D &DQDGLDQ PLOO
+RZHYHU:DOGHQFRQFOXGHGWKDWµFKORULQHLVQRWQRUPDOO\DWR[LFFRQVWLWXHQWRI
EOHDFKHU\ZDVWHV¶:DOGHQ(YLGHQFHDFFXPXODWHGWKURXJKWKH¶VWKDW
RUJDQRFKORULQHVZHUH DFFXPXODWLQJ LQ WKH HQYLURQPHQW DQG WKDW WKLVZDV SDUWO\
GXH WR GLVFKDUJHV IURP SXOS PLOOV -RKQVWRQ HW DO  &KORULQDWHG RUJDQLF
FRPSRXQGV ZHUH IRXQG WR EH PRUH WR[LF DQG PRUH UHFDOFLWUDQW WKDQ QRQ
FKORULQDWHG HTXLYDOHQWV /LVV HW DO  6RORPRQ 0DMRU FKDQJHV ZHUH
EURXJKWDERXWLQWKHODWH¶VDQG¶VLQUHVSRQVHWRQHJDWLYHSXEOLFLW\DQG
VWULFWHU HQYLURQPHQWDO UHJXODWLRQV 3RNKUHO DQG 9LUDUDJKDYDQ  $
FRPELQDWLRQ RI LQPLOO SURFHVV FKDQJHV VXFK DV (&) DQG 7&) EOHDFKLQJ
UHF\FOLQJ DQG UHFRYHU\ RI VSHQW OLTXRUV DQG WKH LQWURGXFWLRQ RI VHFRQGDU\




%LRDVVD\V XVLQJ ILVK DQG DTXDWLF LQYHUWHEUDWHV H[SRVHG WR SXOS DQG SDSHU PLOO
HIIOXHQWV KDYH EHHQ ZLGHO\ XVHG VLQFH WKH ¶V DQG LQLWLDOO\ FRQFHQWUDWHG RQ
VKRUW GXUDWLRQ  GD\V DFXWH WR[LFLW\ DVVD\V 3DUURWW HW DO  3URFHVV
FKDQJHV DQG LPSURYHPHQWV LQ HIIOXHQW WUHDWPHQW UHVXOWHG LQ FKURQLF UDWKHU WKDQ






UHGXFHG JRQDG VL]H DQG UHGXFHG VH[ VWHURLG FRQFHQWUDWLRQ 3DUURWW HW DO 
7KH0)2 V\VWHP LV LQYROYHG LQ WKH IRUPDWLRQ RI SRODU R[\JHQDWHGPHWDEROLWHV
IURP QRQSRODU FRPSRXQGV WR HQDEOH H[FUHWLRQ +RZHYHU LQWHUPHGLDWHV
PHWDEROLWHV ZKLFK DUH PRUH ELRDFWLYH FDQ EH PRUH WR[LF WKDQ WKH SDUHQW
FRPSRXQGV 3DUURWW HW DO  (YLGHQFH WKDW0)2 LQGXFWLRQ ZDV FDXVHG E\
UHDGLO\ PHWDEROLVHG FRPSRXQGV EHJDQ WR DFFXPXODWH ZKHQ ILVK WKDW KDG EHHQ
H[SRVHGWRHIIOXHQWVVKRZHGDUDSLGUHGXFWLRQLQ0)2DFWLYLW\ZLWKLQDIHZGD\V
RI H[SRVXUH WR FOHDQ ZDWHU )UDJRVR HW DO  6HYHUDO ZRRG GHULYHG
 
FRPSRXQGV IRXQG LQ HIIOXHQWV KDYH EHHQ LGHQWLILHG WKDW FDXVH HOHYDWHG 0)2
DFWLYLW\ LQFOXGLQJ UHWHQH %LOOLDUG HW DO  VWLOEHQHV MXYDELRQH DQG
GHK\GURMXYDELRQHV %XUQLVRQ HW DO  0DUWHO HW DO  7KLV OLVW LV







0RUH UHFHQWO\ WKH IRFXVRI UHVHDUFKKDVPRYHG WR UHSURGXFWLYHHIIHFWV OLQNHG WR
GHSUHVVHGVH[VWHURLGFRQFHQWUDWLRQV/RQJWHUPOLIHF\FOHVWXGLHVKDYHSURYLGHG
VRPH RI WKH EHVW HYLGHQFH OLQNLQJ UHSURGXFWLYH FKDQJHV REVHUYHG LQ ZLOG
SRSXODWLRQV WR H[SRVXUH WR SXOS DQG SDSHU PLOO HIIOXHQWV 3DUURWW HW DO 
)XUWKHU HYLGHQFH KDV EHHQ SURYLGHG E\ VWXGLHV XVLQJ ILVK FDJHG LQ SXOS PLOO
GLVFKDUJHV0XQNLWWULFNHWDOYDQGHQ+HXYHOHWDO

7R[LFLW\ LGHQWLILFDWLRQ HYDOXDWLRQ VWXGLHV KDYH EHHQ GHYHORSHG DV D PHDQV WR
LGHQWLI\ DFWLYH VXEVWDQFHV IURP D FRPSOH[ PL[WXUH VXFK DV HIIOXHQWV $ WKUHH
SKDVHDSSURDFKKDVEHHQXVHG WR LVRODWHDFWLYH FRPSRXQGV +HZLWW HWDO
7KLV LQYROYHG WHFKQLTXHV VXFK DV ELRDVVD\ GLUHFWHG IUDFWLRQDWLRQ RI HIIOXHQWV
0XQNLWWULFNHWDO,QWKHILUVWSKDVHPDQLSXODWLRQRIWKHHIIOXHQWLVXVHGWR
REWDLQDEURDGLGHDRIWKHQDWXUHRIWKHDFWLYHFRPSRXQGV3KDVH,,LQYROYHVPRUH
VSHFLILFPHWKRGVDLPHGDW LVRODWLQJDQG LGHQWLI\LQJDFWLYHFRPSRXQGV3KDVH ,,,
WKHQ FRQILUPHV WKDW D SDUWLFXODU FKHPLFDO ZDV UHVSRQVLEOH IRU LQGXFLQJ WKH
FRQGLWLRQWKDWKDGLQLWLDOO\EHHQREVHUYHG+HZLWWHWDO

,Q UHFHQW GHFDGHV VXEVWDQWLDO SURJUHVV KDV EHHQ PDGH LQ UHGXFLQJ SXOS PLOO
HIIOXHQW WR[LFLW\ ZLWK PDQ\ FRPSRXQGV LGHQWLILHG WKDW FRQWULEXWH WR WR[LFLW\
6WHSV KDYH EHHQ VXFFHVVIXOO\ LPSOHPHQWHG WR UHGXFH H[SRVXUH RI ELRWD WR WKHVH
FRPSRXQGVIRUH[DPSOHZLWKSURFHVVFKDQJHVDQGLPSURYHGHIIOXHQWWUHDWPHQW
+RZHYHU WKHUH DUH DOVR PDQ\ FRQIOLFWLQJ VWXGLHV ZKLFK VXJJHVW WKDW









,QPDQ\FRXQWULHV LQFOXGLQJ1HZ=HDODQGPXQLFLSDO DQG LQGXVWULDOZDVWHZDWHU
VROLGVKDYHEHHQXVHGDVVRLODPHQGPHQWVIRUPDQ\\HDUV&DPHURQHWDO
+HQU\DQG&ROH0RUHUHFHQWO\FRQFHUQVKDYHDULVHQRYHUFRQWDPLQDWLRQRI
VRLO SODQWV DQG DQLPDOV GXH WR ZDVWHZDWHU VROLGV DSSOLFDWLRQ 'UROHW DQG %DULO
-DFNVRQHWDO0F%ULGH8OWLPDWHO\ WKHVHFRQFHUQVDOVRUDLVH
LVVXHV FRQFHUQLQJ LPSDFW RQ KXPDQ KHDOWK ,QGXVWULDO DQG PXQLFLSDO ZDVWHV
FRQWDLQ PDQ\ GLIIHUHQW SRWHQWLDO SROOXWDQWV DQG D FDXWLRXV DSSURDFK KDV EHHQ
DGRSWHG LQPDQ\FRXQWULHV WR ODQGGLVSRVDORIZDVWHVSDUWLFXODUO\ LI WKLV ODQG LV
XVHGIRUIRRGSURGXFWLRQRULVLQDGULQNLQJZDWHUFDWFKPHQW0DJHVDQDQG:DQJ
 :KLOH ZDVWHZDWHU VROLGV PD\ SURYLGH EHQHILWV WR VRLO LQ WKH IRUP RI
QXWULHQWV DQG RUJDQLF PDWWHU ORQJWHUP HQYLURQPHQWDO LPSDFWV VKRXOG DOVR EH




LPSURYHPHQWV LQ ZDVWHZDWHU WUHDWPHQW WHFKQRORJ\ LQFUHDVLQJ YROXPHV RI
ZDVWHZDWHU VROLGV DUHEHLQJSURGXFHG %RVWDQ HWDO&RLQFLGLQJZLWK WKLV
LQFUHDVHLVDGHFUHDVHLQWKHYROXPHRIODQGILOOVSDFHWRGLVSRVHRIWKHVHVROLGV,Q
DUHDV ZKHUH GHYHORSPHQW KDV RFFXUUHG DURXQG H[LVWLQJ PLOOV WKHUH LV OLWWOH
RSSRUWXQLW\IRUGHYHORSLQJQHZODQGILOOVRUWKHFRVWVRIHVWDEOLVKPHQWPDNHVWKHLU
GHYHORSPHQWSURKLELWLYH5HJXODWRU\FRQWUROVQRZDOVRPDNHWKHHVWDEOLVKPHQWRI
QHZ ODQGILOOV SDUWLFXODUO\ GLIILFXOW LQ PDQ\ DUHDV &DPHURQ HW DO 
5HJXODWLRQV LQFOXGLQJ WKRVH EHLQJ GHYHORSHG LQ1HZ=HDODQG XQGHU WKH:DVWH
0DQDJHPHQW6WUDWHJ\0LQLVWU\IRUWKH(QYLURQPHQWDUHGHVLJQHGWRNHHS




:KLOH 30(6 DUH SULPH FDQGLGDWHV IRU ODQG GLVSRVDO WKHUH DUH HQYLURQPHQWDO
LVVXHV WKDW VKRXOG EH DGGUHVVHG %RVWDQ HW DO  (QYLURQPHQWDO LPSDFWV





HIIHFWV UHODWHG WR WKH QXWULHQW DQG RUJDQLF PDWWHU FRQWHQWV RI WKHVH VROLGV
0F'RQDOGHWDO3LHDUFHDQG%RRQH=LELOVNHHWDO

,Q VRPH 30(6 KLJK FRQFHQWUDWLRQV RI 5( DUH RI FRQFHUQ :KLOH WHUUHVWULDO
RUJDQLVPVPD\QRWEHDVVHQVLWLYHWRWKHVHFRPSRXQGVDVDTXDWLFRUJDQLVPVWKH\
FRXOG QHYHUWKHOHVV EH H[SHFWHG WR EH LPSDFWHG +lWWHQVFKZLOHU DQG 9LWRXVHN
6DYOXFKLQVNH)HLR HWDO6RGHUEHUJ HWDO 0DQ\RI WKHVH5(
DUHV\QWKHVLVHGE\WUHHVDVSDUWRIDGHIHQFHPHFKDQLVPDQGKDYHEHHQVKRZQWR
EH WR[LF WR KHUELYRUHV DQG LQKLELWLYH WR GHFD\ RUJDQLVPV 3KLOOLSV DQG &URWHDX
 ,Q 30(6 WKH SODQW PDWUL[ LQ ZKLFK 5( ZHUH LQWLPDWHO\ DVVRFLDWHG KDV
EHHQ UHPRYHGRU ODUJHO\PRGLILHG OHDYLQJ WKH H[WUDFWLYHV LQ D SRWHQWLDOO\PRUH
FRQFHQWUDWHGDQGELRDYDLODEOHIRUP,QWKHQDWXUDOHQYLURQPHQW WKHVH5(H[LVWHG
LQ WKH ZRRG OHDYHV DQG URRWV RI SODQWV DFWLQJ DV D GHWHUUHQW DJDLQVW LQYDGLQJ
RUJDQLVPV3KLOOLSVDQG&URWHDX:KLOHWKH\PD\KDYHEHHQUHOHDVHGWRWKH
HQYLURQPHQWXSRQSODQWGHDWKWKLVZRXOGKDYHEHHQDVDVORZSURFHVVRIGHFD\
,Q 30(6 WKDW DUH DSSOLHG WR VRLO D KLJK FRQFHQWUDWLRQ RI 5( PD\ EH SODFHG
GLUHFWO\RQRULQWKHVRLOZKHUHH[SRVHGVRLORUJDQLVPVPD\QRWEHDGDSWHGWRVXFK
KLJK FRQFHQWUDWLRQV 7KLV KDV WKH SRWHQWLDO WR GUDPDWLFDOO\ FKDQJH VSHFLHV
FRPSRVLWLRQV LI WKHVH RUJDQLVPV DUH QHJDWLYHO\ LPSDFWHG $OWHUQDWLYHO\ WKH
DGGLWLRQRI30(6WRVRLOPD\VLJQLILFDQWO\EHQHILW VRLOELRWDDQGVRLOSURFHVVHV
GXHWRHQKDQFHGQXWULHQWDQGSK\VLFDOFRQGLWLRQV&KDQJHVLQVSHFLHVFRPSRVLWLRQ







WKLV RSWLRQ 1XWULHQW DQG FRQWDPLQDQW UXQRII DUH SRWHQWLDO KD]DUGV WR DTXDWLF




SODQWV )HOGNLUFKQHU HW DO   $FFXPXODWLRQ RI WR[LF FRPSRXQGV PD\
DGYHUVHO\ DIIHFW QDWXUDO VRLO IXQFWLRQV 0DOLV]HZVND.RUG\EDFK DQG 6PUHF]DN
 5HGXFHG PLFURELDO ELRPDVV & WRWDO RUJDQLF & UDWLRV DQG UHGXFHG VRLO






3XOS PLOO HIIOXHQW VROLGV JHQHUDOO\ KDYH ORZ FRQFHQWUDWLRQV RI PHWDOV DQG
WKHUHIRUHRUJDQLFFRPSRXQGVDUHRIJUHDWHUFRQFHUQIRUODQGDSSOLFDWLRQRIWKHVH
W\SHV RI ZDVWH :LWK HOHPHQWDO FKORULQH EOHDFKLQJ RUJDQRFKORULQH FRPSRXQGV
ZHUHRIFRQFHUQLQODQGDSSOLHGELRVROLGV3DDVLYLUWDHWDO+RZHYHULQWKH
ODVW WZR GHFDGHV ZLWK UHSODFHPHQW RI HOHPHQWDO FKORULQH EOHDFKLQJ E\ PRUH
EHQLJQPHWKRGVRUJDQRFKORULQHVLQ30(6KDYHEHHQFRQVLGHUDEO\UHGXFHG5HVLQ
H[WUDFWLYH FRPSRXQGV DUH KRZHYHU IRXQG LQ 30(6 DW KLJK FRQFHQWUDWLRQV
$URPDWLF H[WUDFWLYHV VXFK DV GHK\GURDELHWLF DFLG DQG UHWHQH ± D SRO\ DURPDWLF
K\GURFDUERQ3$+DUHDPRQJWKHPRVWWR[LFDQGUHFDOFLWUDQWFRPSRXQGVIRXQG










DQG WKH SK\VLFRFKHPLFDO SURSHUWLHV RI WKH FRQWDPLQDQW FRPSRXQGV DTXHRXV
VROXELOLW\SRODULW\OLSRSKLOLFLW\DQGK\GURSKRELFLW\6HPSOHHWDO7KHVH
IDFWRUVDIIHFWWKHELRDYDLODELOLW\WRVRLORUJDQLVPVDQGDOVRGHWHUPLQHKRZORQJD
FRPSRXQGZLOO UHPDLQ LQ WKH VRLO:DWHU VROXEOH FRPSRXQGV DUH JHQHUDOO\ ORVW
UDSLGO\ IURP VRLO WKURXJK OHDFKLQJ DQGELRGHJUDGDWLRQ%LRGHJUDGDWLRQ UHOLHVRQ





WR[LFLW\ H[SHULHQFHG E\ RUJDQLVPV YDQ 6WUDDOHQ  5HDGLO\ ELRDYDLODEOH




VRLO VROXWLRQ FRQFHQWUDWLRQV KRZHYHU ZKHUH FRQWDFWHG E\ RUJDQLVPV WKH\ PD\
UDSLGO\ FURVV RU DVVRFLDWH ZLWK FHOO PHPEUDQHV 7RWDO VRLO FRQFHQWUDWLRQV PD\
KDYHWREHTXLWHKLJKWRVXSSO\WKHDTXHRXVSKDVHHQRXJKPDWHULDOWREHWR[LFWR
RUJDQLVPV 6RPH RI WKHVH FRPSRXQGV HJ SRO\DURPDWLF K\GURFDUERQV 3$+V
KDYH EHHQ VKRZQ WR KDYH ORZ DFXWH WR[LFLW\ WR VRLO RUJDQLVPV 6YHUGUXS HW DO




$V FRQWDFW WLPHZLWK VRLO LQFUHDVHV FRQWDPLQDQWVXVXDOO\EHFRPH OHVV DYDLODEOH
GXH WRGLIIXVLRQ LQWRVRLOSRUHVDQGVRUSWLRQ WRRUJDQLFPDWWHUDQGFOD\PLQHUDOV
6HPSOH HW DO  7KHVH µDJHLQJ¶ SURFHVVHV FDQ LQYROYH VKRUW WHUP
VHTXHVWHULQJRIFRPSRXQGVWKURXJKZHDNDWWUDFWLRQVK\GURJHQERQGLQJYDQGHU




7KHUH DUH H[DPSOHV RI VRLO FRQWDPLQDWLRQ DURXQG JDVZRUNV UHILQHULHV IXHO
VWRUDJH GHSRWV DQG LQ ORFDWLRQV ZLWK ORQJWHUP DSSOLFDWLRQ RI DJULFXOWXUDO
SHVWLFLGHV DQG RUJDQLF ZDVWHV 'LIILFXOWLHV LQ GHILQLQJ WR[LF WKUHVKROGV PDNH
VHWWLQJ OLPLWV IRU GLVSRVDO RI IDPLOLHV RI FRPSRXQGV GLIILFXOW .DSWXVWND 
UHYLHZHG RYHU  SDSHUV RQ 3$+¶V DQG FRQFOXGHG WKDW WKHUH ZDV YHU\ OLWWOH
WR[LFLW\GDWDXVHIXOIRUHFRORJLFDOULVNDVVHVVPHQWDVRXWOLQHGE\86(3$FULWHULD
7KLVZDV SDUWO\ EHFDXVH GDWDZHUH VSDUVH RQ LQGLYLGXDO 3$+¶V LQ VRLO WKDW KDV
EHHQ FRQWDPLQDWHG ZLWK RUJDQLF FRPSRXQGV WKH\ DUH RIWHQ SDUW RI D FRPSOH[
PL[WXUHRIFRPSRXQGVDQGVHSDUDWLQJWKHHIIHFWVRILQGLYLGXDOFRPSRXQGVFDQEH






DQG VKRZHG TXLWH GLIIHUHQW SDWWHUQV RI WR[LF DFWLRQ +DZNLQV HW DO 
&RQFHQWUDWLRQVDVKLJKDV JJKDYHEHHQUHSRUWHGIRUUHWHQHLQVHGLPHQWV
GZ FRQWDPLQDWHG ZLWK SXOS PLOO HIIOXHQW FRPSRXQGV )UDJRVR HW DO 





'XH WR GLIILFXOWLHV LQ GHWHUPLQLQJ DGYHUVH HIIHFWV DW WKH HFRV\VWHP OHYHO LW KDV
EHHQUHFRPPHQGHGWKDWDZHLJKWRIHYLGHQFHDSSURDFKEHWDNHQWRHQYLURQPHQWDO
ULVN DVVHVVPHQW /RZHOO HW DO  &KDSPDQ  XVHG WKH FRQFHSW RI D
VHGLPHQW TXDOLW\ WULDG WR GHYHORS FULWHULD IRU WKH DVVHVVPHQW RI FRQWDPLQDWHG
VHGLPHQWV 7KUHH W\SHV RI LQIRUPDWLRQ ZHUH XVHG WR DVVHVV VHGLPHQW TXDOLW\
FKHPLFDO DQDO\VLV RI VHGLPHQWV ODERUDWRU\ ELRDVVD\V ZLWK VHGLPHQWV DV WKH
VXEVWUDWH IRU WHVW RUJDQLVPV DQG DTXDWLF VWXGLHV RI EHQWKLF FRPPXQLWLHV ,WZDV
SURSRVHG WKDW D VLPLODU WHFKQLTXH EH DGRSWHG IRU VRLO DVVHVVPHQW YDQ 6WUDDOHQ
 %\ WDNLQJ D PXOWLFRPSRQHQW DSSURDFK GLIIHUHQW OHYHOV RI ELRORJLFDO




WR EH XVHIXO E\ UHJXODWRU\ DXWKRULWLHV ,Q WKH DVVHVVPHQW RI &DQDGLDQ QRUWKHUQ
ULYHUVLWZDVIRXQGWKDWVWUHVVRUVFDQZRUNLQFRQIOLFWLQJZD\V)RUH[DPSOHWKH
SRVLWLYH QXWULHQW HIIHFWV DVVRFLDWHG ZLWK VHZDJH GLVSRVDO FDQ PDVN QHJDWLYH
WR[LFRORJLFDO UHVSRQVHV RI RUJDQLVPV :KHQ LQGLYLGXDO VWUHVVRUV DUH XVHG WR




:KLOH ODERUDWRU\EDVHG WHFKQLTXHV KDYHEHHQ FULWLFLVHG IRU WKHLU ODFN RI UHDOLVP
DQG ODFN RI DSSOLFDWLRQ WR ILHOG FRQGLWLRQV WKH\ DUH LPSRUWDQW DV SDUW RI DQ
DVVHVVPHQW SURFHVV %RJRPRORY HW DO  6KHSSDUG  7HVWV GRQH RQ
RUJDQLVPVPD\JLYHWKHZURQJLPSUHVVLRQRIWKHHIIHFWVWKDWZRXOGEHVHHQDWWKH
HFRV\VWHP OHYHO ,W LV LPSRUWDQW WRKDYHD UDQJHRI UHSHDWDEOHVLPSOHDVVD\V WKDW
SURYLGH FRPSDUDWLYH GDWD WKDW LQWHJUDWHV HIIHFWV RQ RUJDQLVPV /DERUDWRU\





DQG HIIOXHQW WUHDWPHQW LQ UHFHQW \HDUV ZKLFK KDYH WUDQVODWHG LQWR UHGXFHG
HQYLURQPHQWDOLPSDFWV7KHLPSURYHPHQWVDUHRQJRLQJDQGWKHVWXG\RIWKHIDWH
DQGHIIHFWVRIWKHGLVFKDUJHVIURPSXOSPLOOVFRQWLQXHVWRGHYHORS7KHUHDUHVWLOO
GRFXPHQWHG HIIHFWV RI SXOSPLOO HIIOXHQWV FDXVLQJ DGYHUVH HIIHFWV LQ WKH DTXDWLF




3XOSPLOOHIIOXHQWVROLGVKDYHEHHQDSSOLHGWRODQGEXW OLWWOH LVNQRZQDERXW WKH
LPSDFWVRQUHFHLYLQJHQYLURQPHQWVDVDUHVXOWRIWKLVSUDFWLFH%RVWDQHWDO
:KLOH SURFHVVHV DVVRFLDWHG ZLWK SXOS PLOO GLVFKDUJHV LQ DTXDWLF V\VWHPV KDYH
EHHQZHOOVWXGLHGWKLV LVQRW WUXH LQ WHUUHVWULDOHFRV\VWHPV,W LVVWLOOXQFOHDUKRZ
 
WHUUHVWULDO HFRV\VWHPV ZLOO UHVSRQG WR KLJK ORDGLQJ RI 5( LQ 30(6 DQG DUH
PHWKRGRORJLHV SRRUO\ GHYHORSHG WR LQYHVWLJDWH WKLV $ PXOWLIDFWRU DSSURDFK LV








 2YHUYLHZ RI 3K' 7KHVLV 5HVHDUFK DQG *HQHUDO
0DWHULDOVDQG0HWKRGV
,QWURGXFWLRQ
7KH1HZ=HDODQG:DVWH6WUDWHJ\ 0I( VHW D WDUJHW IRU LQGXVWU\ WRGLYHUW
RIRUJDQLFZDVWHVFXUUHQWO\ODQGILOOHGWREHQHILFLDOXVHE\
7KH 7DVPDQ DQG .LQOHLWK PLOOV VLWXDWHG LQ WKH FHQWUDO 1RUWK ,VODQG RI 1HZ
=HDODQG FXUUHQWO\ XVH ODQG ILOOLQJ DV WKH SULPDU\PHDQV RI GLVSRVDO RI HIIOXHQW
VROLG ZDVWH 7KHVH ZDVWHV DUH FDQGLGDWHV IRU ODQG DSSOLFDWLRQ WR IRUHVWU\ VLWHV
XQGHUWKH:DVWH6WUDWHJ\KRZHYHULQYHVWLJDWLRQRIWKHLPSDFWRIDSSO\LQJWKHVH
ZDVWH VROLGV WR ODQG QHHGV WR EH DGGUHVVHG EHIRUH WKLV VKRXOG EH FDUULHG RXW
URXWLQHO\7KHUH LV D ODUJH ERG\RI OLWHUDWXUH VXUURXQGLQJ WKH DTXDWLF WR[LFLW\ RI
SXOS PLOO HIIOXHQW ZDVWHV $OL DQG 6UHHNULVKQDQ  +HZLWW HW DO 
+\Q\QHQ HW DO  YDQ GHQ+HXYHO HW DO &RQVHTXHQWO\ EDVHG RQ WKH
UHVXOWV LQ DTXDWLF V\VWHPV WKH HIIHFWV RQ WHUUHVWULDO HFRV\VWHPV ZDUUDQW
LQYHVWLJDWLRQ EHIRUH ODUJHVFDOH ODQG DSSOLFDWLRQ RI WKHVH ZDVWHV FDQ EH
UHFRPHQGHG
 *HQHUDO 2XWOLQH RI 0HWKRGRORJLHV 8VHG IRU 7KHVLV
5HVHDUFK
7KLV UHVHDUFK VRXJKW WR H[WHQG WKH OLPLWHGNQRZOHGJHRQ WKH WHUUHVWULDO IDWH DQG
HIIHFWV RI SXOS PLOO HIIOXHQW ZDVWHV 3XOS PLOO HIIOXHQW VROLGV 30(6 ZHUH




DGRSWHG LQ WKLV WKHVLV UHVHDUFK 7R HYDOXDWH WKH ULVN 30(6 SRVH WR WHUUHVWULDO
HFRV\VWHPV LQGLFDWRUV DW WKH RUJDQLVP FRPPXQLW\ DQG HFRV\VWHP OHYHO ZHUH
DVVHVVHG (IIHFWV VHHQ DW WKHVH GLIIHUHQW OHYHOV RI ELRORJLFDO RUJDQLVDWLRQ ZHUH
UHODWHG WR FKHPLFDO DQDO\VLV RI WKH YDULRXV VROLGV WHVWHG &KDSPDQ 











DQG HDFK DUHD LV SUHVHQWHG UHVSHFWLYHO\ LQ &KDSWHUV   DQG   /DERUDWRU\
ELRDVVD\VZHUHXVHG IRU WKHLU DELOLW\ WR LQWHJUDWH HIIHFWV RI30(6RQRUJDQLVPV
DQG FDSDFLW\ WR EH H[SUHVVHG DV VLPSOH ELRORJLFDO HQGSRLQWV )LHOG H[SHULPHQWV
ZHUHXQGHUWDNHQXVLQJDQXPEHURIPHWKRGVRIDQDO\VLVDQGZKLOHQRWKDYLQJWKH
VDPH OHYHO RI FRQWURO DV ODERUDWRU\ ELRDVVD\V WKH\ SURYLGH JUHDWHU µUHDOLVP¶ LQ
WHUPV RI HQYLURQPHQWDO HIIHFWV &KHPLFDO FKDUDFWHULVDWLRQ RI 30(6 DQG WKH
FKDQJHVWKH\XQGHUJRLQDILHOGVHWWLQJSURYLGHGLQIRUPDWLRQRQWKHIDWHRIYDULRXV
FRPSRQHQWVRI30(6LQWKHWHUUHVWULDOHQYLURQPHQW,QWKHIROORZLQJVHFWLRQVDQ














$ VXSHUFULWLFDO IOXLG H[WUDFWLRQ SURFHVVZDV XVHG WR UHPRYH RUJDQLF H[WUDFWLYHV
IURP 30(6 VRLO DQG ERG\ WLVVXHV 7KHVH H[WUDFWLYHV ZHUH UHVROYHG E\ JDV
FKURPDWRJUDSK\ DQG TXDQWLILHG E\ PDVVVHOHFWLYH VSHFWURPHWU\ &KHPLFDO
FKDUDFWHULVDWLRQ RI 30(6 RI WLVVXHV RI ZRUPV H[SRVHG WR 30(6 DQG RI VRLO




7KH WR[LFRORJ\ RI 30(6 WR VRLO RUJDQLVPV ZDV LQYHVWLJDWHG XQGHU FRQWUROOHG
ODERUDWRU\ FRQGLWLRQV 6XUYLYDO JURZWK DQG UHSURGXFWLRQ ZHUH PHDVXUHG
HQGSRLQWV $Q DTXDWLF RUJDQLVP WHVW XWLOLVHG FKDQJH LQ OXPLQHVFHQFH ZKLFK LV
OLQNHG WR UHVSLUDWLRQ DV D PHDVXUH RI WR[LFLW\ %DVDO UHVSLUDWLRQZDV XVHG DV D
PHDQV RI LQYHVWLJDWLQJ UHVSRQVHV WR 30(6E\ WKHPLFURELDO FRPPXQLW\ IURP D




(FRV\VWHP OHYHO HIIHFWV UHVXOWLQJ IURP WKH DSSOLFDWLRQ RI 30(6 WR D IRUHVW VRLO
ZHUH LQYHVWLJDWHG E\ REVHUYLQJ FKDQJHV LQ VRLO IXQFWLRQ LQ D ILHOG WULDO )LHOG
PHDVXUHPHQWVZHUHPDGHRQVRLO&2IOX[HVXVLQJLQIUDUHGJDVDQDO\VLV6RLODQG
30(6 VDPSOHV ZHUH PRQLWRUHG IRU 72& 71 PDVV ORVVHV DQG DFLG GHWHUJHQW
IUDFWLRQDWLRQ 0LFURELDO ELRPDVV ZDV DVVHVVHG E\ WKH IXPLJDWLRQ H[WUDFWLRQ












SXOS7KHNUDIWPLOO VXSSOLHVSXOS IRUQHZVSULQW DVZHOODV IRU WLVVXHSURGXFWLRQ
WKHEDODQFHEHLQJVHQWRIIVLWHDVPDUNHWSXOSERDUG

(IIOXHQW VWUHDPV DUH FRPELQHG DQG XQGHUJR SULPDU\ WUHDWPHQW WKURXJK
VHGLPHQWDWLRQDQGVFUHHQLQJZKHUHE\SULPDU\VROLGVDUHUHPRYHGDQGGHZDWHUHG
E\ VFUHZ SUHVV )LJXUH  3ULPDU\ VROLGV DUH UHPRYHG IURP WKH VLWH DQG
ODQGILOOHGQHDUE\3ULPDU\WUHDWHGHIIOXHQWXQGHUJRHVVHFRQGDU\WUHDWPHQWWKURXJK
DQ DHUDWHG VWDELOLVDWLRQ ODJRRQ V\VWHP $6% EHIRUH GLVFKDUJH /DJRRQV DUH
GUHGJHG RQ D UHJXODU EDVLV WR UHPRYH DFFXPXODWLQJ ELRVROLGV 'UHGJLQJV DUH









$SSUR[LPDWHO\  P SHU GD\ RI WUHDWHG HIIOXHQW LV GLVFKDUJHG LQWR WKH
.RSDNRUDKL DUPRI ODNH0DUDHWDL D K\GUR GDPRQ WKH:DLNDWR ULYHU .LP DQG
6PLWK7KH.LQOHLWKPLOOSURGXFHVDERXWPRIZDVWHZDWHUVOXGJH




+LVWRULFDOO\.LQOHLWKPLOO HIIOXHQW VWUHDPVZHUH VHJUHJDWHG LQWR DFLG DQG DONDOL
VWUHDPVZKLFKZHUH WUHDWHG LQ VHSDUDWH$6% V\VWHPV WKH ILQDO HIIOXHQW VWUHDPV
ZHUH FRPELQHG EHIRUH GLVFKDUJH WR WKH UHFHLYLQJ K\GUR ODNH )LJXUH 




































)LJXUH *HQHUDO OD\RXW RI .LQOHLWKZDVWHZDWHU WUHDWPHQW V\VWHP DQG ODQGILOO
QRW WR VFDOH VKRZLQJ DFLG DQG DONDOL VHZHUV DQG$6% EDVLQV DQG:DZD GDP




7KUHH $6% V\VWHP ELRVROLGV DQG RQH SULPDU\ VROLG ZHUH XVHG LQ WKLV VWXG\
7KURXJKRXW WKLV WKHVLV WKH\ZLOOEHUHIHUUHGWRDV7DVPDQSULPDU\VROLGV736
7DVPDQELRVROLGV7%7DVPDQDJHGELRVROLGV7$%DQG.LQOHLWKDJHGELRVROLGV
.$%7KHVH30(6ZHUH FKRVHQ WR UHSUHVHQW D UDQJHRISURSHUWLHV UHOHYDQW WR
VWXG\LQJ IDWHDQGHIIHFWVRISXOSPLOOZDVWHV3LQXV VSHFLHVDUH WKHPRVWZLGHO\
XVHGIRUSXOSSURGXFWLRQJOREDOO\ZKLOH3UDGLDWDLVWKHSUHGRPLQDQWIXUQLVKLQ
1HZ=HDODQGSXOSPLOOV&RQLIHU VSHFLHVKDYHPDQ\ VLPLODULWLHVZLWK UHVSHFW WR
WKHHIIOXHQWVGHULYHGIURPWKHLUSXOSLQJ30(6GHULYHGIURP1HZ=HDODQGSXOS




UHVLQ H[WUDFWLYHV 5( DQGPD\ DOVR FRQWDLQ WUDQVIRUPDWLRQ SURGXFWV IURP WKHVH
H[WUDFWLYHV 7KHVH5( DUH FRQVLGHUHG WR SRVH WKH JUHDWHVW HQYLURQPHQWDO ULVN LQ
WKHVH W\SHV RI ZDVWHV 7KH 30(6 IURP WKH 7DVPDQ DQG .LQOHLWK PLOOV ZHUH
VFUHHQHG IRU WKHLU 5( FRQWHQW DQG WKH IRXU VROLGV XVHG LQ WKLV VWXG\ UHIOHFW D
YDULHW\ RI GLIIHUHQW 5( SURILOHV UHSUHVHQWLQJ GLIIHUHQW PLOO SURFHVVHV DQG ZDVWH
VWUHDPV GLIIHUHQW VWDJHV RI HIIOXHQW WUHDWPHQW DQG GLIIHUHQW GHSRVLWLRQDO




SKRVSKRUXV DGGHG ,QPDQ\SXOSPLOO HIIOXHQW WUHDWPHQW V\VWHPV WKHVH QXWULHQWV
DUH DGGHG WR LPSURYH WUHDWPHQW HIILFLHQFLHV EXW WKLV FDQ OHDG WR SUREOHPVZLWK
H[FHVV QXWULHQW OHYHOV LQ GLVFKDUJHV WR UHFLSLHQW ZDWHUV DQG WKHUHIRUH QXWULHQW







$SSUR[LPDWHO\GU\ WRQQHV RI HIIOXHQW VROLGV DUHSURGXFHG DQQXDOO\ IURP
WKH7DVPDQPLOORIZKLFKSULPDU\VROLGVFRPSULVHDERXW*DUUHWWDQG:DQJ
7DVPDQ3ULPDU\6ROLGV 736 )LJXUH ZHUH WKH RQO\ SULPDU\ VROLGV








SXOSLQJ SURFHVV 7KHUH LV OLWWOH HYLGHQFH RI ELRORJLFDO WUDQVIRUPDWLRQ RI 5( LQ
7367DVPDQSULPDU\VROLGVKDYHORZQXWULHQWOHYHOVDSDUWIURPFDOFLXPZKLFKLV
SUHVHQWGXH WR WKHKLJK OLPHFRQWHQW *DUUHWW DQG:DQJ7KHVH VROLGVDUH






%LRVROLGV DFFXPXODWH WKURXJK WKH VHGLPHQWDWLRQ RI ELRORJLFDOO\ WUHDWHG HIIOXHQW
DQG JHQHUDOO\ D KLJK SURSRUWLRQ RI WKHLU GU\ZHLJKW LV GHULYHG IURPPLFURELDO
ELRPDVV RU PLFURELDO PHWDEROLWHV 7KH 7DVPDQ PLOO XVHV VKDOORZ DHUDWHG
VWDELOLVDWLRQ EDVLQV IRU VHFRQGDU\ WUHDWPHQW DQG DFFXPXODWHG ELRVROLGV DUH
UHJXODUO\ GUHGJHG WRPDLQWDLQ WUHDWPHQW V\VWHP HIILFLHQF\ )LJXUH 7DVPDQ
%LRVROLGV7%ZHUHFROOHFWHGLQPLG$XJXVWIURPWKHWKLUGEDVLQLQDVHULHV
RI IRXU $6% EDVLQV DW WKH 7DVPDQ PLOO )LJXUH  6LQFH WKHVH VROLGV ZHUH
FROOHFWHG WKLV EDVLQ KDV EHHQ E\SDVVHG DQG WKH WUHDWPHQW V\VWHP RQO\ RSHUDWHV
WKUHH EDVLQV WKH VHFRQG DQG WKLUG EHLQJ DHUDWHG $W WKH WLPH WKHVH VROLGV ZHUH
FROOHFWHG EDVLQ WKUHH ZDV WKH ODUJHVW RI WKH DHUDWHG WUHDWPHQW EDVLQV %LRVROLGV
ZHUHUHPRYHGZLWKDGLJJHUIURPWKHHGJHRIEDVLQWKUHHDORQJWKHFDXVHZD\WKDW
VHSDUDWHG EDVLQ WKUHH DQG IRXU 7KLV PDWHULDO ZDV SODFHG LQWR WZR  /
SHUIRUDWHG FRQWDLQHUV 6KDGH FORWKZDV SODFHG LQVLGH WKH FRQWDLQHUV EHIRUH WKH\
ZHUHILOOHGZLWKELRVROLGVVRDVWRDOORZWKHPWRGUDLQEHIRUHILHOGDSSOLFDWLRQ$W
WKH WLPH WKHVH ELRVROLGV ZHUH FROOHFWHG WKH\ KDG ZDWHU FRQWHQW DIWHU WZR
ZHHNVGUDLQLQJWKHELRVROLGVZHUHDSSUR[LPDWHO\ZDWHUZKHQODQGDSSOLHG
$VWKHVHELRVROLGVKDGEHHQVLWXDWHGDZD\IURPWKHDHUDWRUVORFDWHGLQWKLVEDVLQ





ZHUH FROOHFWHG IURP D ODQGILOO VLWH )LJXUH  ZKHUH WKLV PDWHULDO KDG EHHQ
 
GXPSHGDERXWPRQWKVSUHYLRXVO\7KHVHVROLGVZHUHIURPURXWLQHGUHGJLQJRI









SRQGVDQGGUHGJLQJZDVQRW HPSOR\HG LQ WKHVH SRQGV ELRVROLGV IURP WKLV$6%




)LJXUH 7KHVH GHFRPPLVVLRQHG EDVLQV KDGEHHQGUDLQHG IRU DSSUR[LPDWHO\
WZR \HDUV ZKHQ ELRVROLGV ZHUH FROOHFWHG %LRVROLGV IURP .EDVLQ UHSUHVHQWHG
DFFXPXODWLRQV RYHU PDQ\ \HDUV IURP DQ DHUDWHG WUHDWPHQW EDVLQ WKDW ZDV QRW
GUHGJHG 7KLV WUHDWPHQW V\VWHP KDG UHFHLYHG YHU\ KLJK UHVLQ DFLG ORDGLQJ
FRPSDUHG WR WKH 7DVPDQ PLOO WUHDWPHQW V\VWHP .LQOHLWK DJHG ELRVROLGV ZHUH
H[WUHPHO\KLJKLQWUDQVIRUPHGUHVLQDFLGVDQGUHVLQDFLGQHXWUDOVZLWK5(GHULYHG
FRPSRXQGV DFFRXQWLQJ IRU DSSUR[LPDWHO\  RI WKH GU\ ZHLJKW .LQOHLWK DJHG
ELRVROLGVKDGWKHKLJKHVWEXONGHQVLW\DQGWKHORZHVWZDWHUFRQWHQWRIWKH30(6
XVHG LQ WKLV VWXG\ DSSUR[LPDWHO\ ZDWHU FRQWHQW$ VXPPDU\ WDEOH RI WKH













PRGHUDWH FOLPDWH DQG UHFHLYHV DSSUR[LPDWHO\ PP DQQXDO UDLQIDOO *DUUHWW
DQG :DQJ  7KH ILHOG VLWH ZDV VLWXDWHG RQ ODQG RZQHG E\ 1RUVNH 6NRJ
7DVPDQ QHDU WKH ZDVWHZDWHU WUHDWPHQW V\VWHP DW WKH 7DVPDQ0LOO $Q DUHD RI
DSSUR[LPDWHO\KHFWDUHVFRQWDLQHGWKUHHVTXDUHPHWHUPSORWV7KHILHOG






1RUWK ,VODQG )RXU EORFNV ZHUH VHW RXW DQG WUHDWPHQWV ZHUH DVVLJQHG LQ D








VSDFLQJ 7KH SORW VL]H DOORZHG IRU ILYH VRLO UHVSLUDWLRQ FRUHV WR EH SODFHG
DSSUR[LPDWHO\FPLQIURPWKHHGJHRIWKHSORWV)LJXUH,QWKHVHFRQG\HDU
VHH6HFWLRQIRUGHVFULSWLRQIRXUQHHGOHOLWWHUEDJVZHUHSODFHGLQHDFKSORW

























































































&RQLIHUV SURGXFH ODUJH TXDQWLWLHV RI ROHRUHVLQ ZKLFK DUH GLVWULEXWHG DERXW WKH
SODQW LQUHVSRQVH WRZRXQGLQJDQGLQVHFWGDPDJH2OHRUHVLQVHUYHVDVDGHIHQFH
DJDLQVWKHUELYRURXVDWWDFNDQGLQIHFWLRQE\GHFD\RUJDQLVPV7KHVHDFWLYLWLHVKDYH
LPSOLFDWLRQV IRU GHFRPSRVLWLRQSURFHVVHV LQ IRUHVW HFRV\VWHPV .DLQXODLQHQ DQG
+RORSDLQHQ3KLOOLSVDQG&URWHDX$ODUJHQXPEHURIFRPSRXQGVKDYH





'XULQJ WKH SXOSLQJ RI ZRRG OLJQLQ DQG VHFRQGDU\ FRPSRXQGV DUH UHOHDVHG
PDNLQJILEUHVFHOOXORVHDYDLODEOHIRUIXUWKHUSURFHVVLQJ&RPSRXQGVVROXEOHLQ
ZDWHU RU QHXWUDO RUJDQLF VROYHQWV WKDW DUH UHPRYHG IURP ZRRG DUH JHQHUDOO\
UHIHUUHGWRDVUHVLQH[WUDFWLYHV6PRRN5HVLQH[WUDFWLYHV5(DOVRLQFOXGH
WKH WUDQVIRUPDWLRQ SURGXFWV RI WKHVH µQDWLYH¶ 5( ZKLFK PD\ DULVH WKURXJK
FKHPLFDO PRGLILFDWLRQ GXULQJ WKH SXOSLQJ SURFHVV DQG DOVR WKURXJK ELRORJLFDO






XWLOLVHG DV PLOO IXUQLVK DQG WKH SXOSLQJ SURFHVV HPSOR\HG E\ WKH PLOO $OL DQG
6UHHNULVKQDQ3ULPDU\DQGVHFRQGDU\WUHDWPHQWUHVXOWVLQWKHUHPRYDORIWKH
PDMRULW\RI5(IURPHIIOXHQWEHIRUHLWLVGLVFKDUJHGWRVXUIDFHZDWHU'HSHQGLQJ
RQ WKH HIILFLHQF\ RI WKH WUHDWPHQW V\VWHP XS WR  UHPRYDO RI PDQ\
FRPSRXQGV FDQ EH DFKLHYHG LQ GLVFKDUJHG HIIOXHQW /LVV HW DO  :KLOH
UHPRYDOPD\LQYROYHPHWDEROLVPRI WKHVHFRPSRXQGV WR&2DSURSRUWLRQPD\
 
EH PRGLILHG HJ UHVLQ DFLGV PD\ EH WUDQVIRUPHG WR UHVLQ DFLG QHXWUDOV
)LJXUH7UDQVIRUPHG DQGQDWLYH5( UHDGLO\ SDUWLWLRQ WR WKH VROLG SKDVH DQG
DFFXPXODWH LQ ELRVROLGV 7KH FRQFHQWUDWLRQ RI 5( LQ SXOS PLOO HIIOXHQW VROLGV
30(6 FDQ EH VLJQLILFDQWO\ KLJKHU WKDQ LQ WKH HIIOXHQW GXH WR WKH K\GURSKRELF
QDWXUHRI5(+DOODQG/LYHUVKRZHGWKDWZLWKLQWZRGD\VRIUHVLQ
DFLGV LQ D VROXWLRQKDGSDUWLWLRQHGRQ LQDFWLYDWHG ZLWK VRGLXPD]LGHELRVROLGV
7KH UDWH RI UHPRYDO E\ SDUWLWLRQLQJ RQ ELRVROLGV ZDV VLJQLILFDQWO\ JUHDWHU WKDQ
ELRGHJUDGDWLRQE\DFFOLPDWHGELRPDVVDQG LQDQDHURELF HQYLURQPHQWV+DOO DQG
/LYHU  VXJJHVWHG WKDW WKLV ZRXOG OHDG WR YHU\ KLJK FRQFHQWUDWLRQV RI
DFFXPXODWHG UHVLQ DFLGV 3K\WRVWHUROV KDYH DOVR EHHQ VKRZQ WR SDUWLWLRQ DQG
DFFXPXODWHLQSXOSPLOOELRVROLGV0DKPRRG.KDQDQG+DOO





IURP D ZLGH UDQJH RI HQYLURQPHQWV LQFOXGLQJ VRLO IRUHVW DQG DUDEOH ZDWHU
ELRORJLFDO WUHDWPHQW V\VWHPV DQG VHGLPHQWV 0DUWLQ HW DO $ FRQYHUJHQW
SDWKZD\ KDV EHHQ SURSRVHG IRU DELHWDQH GHJUDGDWLRQ LQ ZKLFK DELHWDQHV DUH




H[WUDGLRO FOHDYDJH UHDFWLRQ $OWKRXJK SLPHUDQHV DUH UDSLGO\ GHJUDGHG XQGHU
DHURELF FRQGLWLRQVYHU\ OLWWOH LVNQRZQDERXW WKHPHFKDQLVPVRIGHJUDGDWLRQ LQ
WKLV FODVV RI UHVLQ DFLGV 0DUWLQ HW DO  +RZHYHU VLPLODU WUDQVIRUPHG
SLPHUDQHVDQDORJRXVWRDELHWDQHVDUHFRPPRQLQSXOSPLOOHIIOXHQWV\VWHPV





,Q DQDHURELF VHGLPHQWV 7DYHUQGDOH HW DO E SURSRVHG WKDW DELHWDQHVZHUH





7KHUH DUH QR UHSRUWHG VWXGLHV RI WKH IDWH RI 5( IURP 30(6 DSSOLHG WR VRLO
%HDXFKDPSHWDOUHSRUWHGUDSLGGHJUDGDWLRQRIUHVLQDQGIDWW\DFLGVZKHQ
GHLQNLQJSDSHUVOXGJHZDVFRPSRVWHG:DQJHWDOVKRZHGWKDW5(ZHUH





0RQRWHUSHQHV PD\ EH LPSRUWDQW UHJXODWRUV RI FDUERQ PHWDEROLVP DQG QXWULHQW
WXUQRYHULQIRUHVWV\VWHPV.DLQXODLQHQHWDO,QKLELWLRQRIVRLOQLWULILFDWLRQ
E\PRQRWHUSHQHVDWQDWXUDOFRQFHQWUDWLRQVZDVGHPRQVWUDWHGE\3DDYRODLQHQHWDO
 LQ D UHFHQWO\ FOHDUFXW IRUHVW VRLO .DLQXODLQHQ DQG +RORSDLQHQ  
VWXGLHG H[WUDFWLYHV ORVV IURP 3LQXV V\OYHVWULV QHHGOH OLWWHU DQG FRQFOXGHG WKDW





E\ PLFURELDO FRPPXQLWLHV LQ FRQLIHU IRUHVWV WUDQVIRUPHG UHVLQ DFLGV DQG UHVLQ
DFLGQHXWUDOVDUH OHVV OLNHO\WREHSUHVHQW LQ WKHVHHQYLURQPHQWVDQGPD\EHOHVV
GHJUDGDEOH E\ WKH DGDSWHG FRPPXQLWLHV 7UDQVIRUPHG UHVLQ DFLGV KDYH EHHQ
UHSRUWHGWREHPRUHUHFDOFLWUDQWWKDQQDWLYHUHVLQDFLGV7DYHUQGDOHHWDOD
7KH VROLGPDWUL[ WKDW FRQWDLQV5( GLIIHUV EHWZHHQZRRG DQG 30(6 GXH WR WKH
SXOSLQJ SURFHVV ZKHUH OLJQLQ DQG FHOOXORVH FRPSRQHQWV DUH VHSDUDWHG WKH
UHVXOWLQJ30(6EHLQJSK\VLFDOO\ DQG FKHPLFDOO\GLIIHUHQW IURPZRRGDQGRWKHU
QDWXUDOLQSXWVWRIRUHVWHFRV\VWHPV$OH[DQGHUKDVQRWHGWKDWWKHSK\VLFDO
PDWUL[DVZHOODVWKHUHVLGHQFHWLPHRIRUJDQLFFRPSRXQGVZLWKLQWKLVPDWUL[FDQ
SURIRXQGO\ HIIHFW WKH DFFHVVLELOLW\ RI FRPSRXQGV WR PLFURRUJDQLVPV 7KLV




 +\SRWKHVLV $LPV DQG 2EMHFWLYHV FRQFHUQLQJ 5HVLQ
([WUDFWLYHV'HJUDGDWLRQ
$OWKRXJK OLWWOH LV NQRZQ DERXW WKH IDWH RI 30(6 GHULYHG 5( LQ WHUUHVWULDO
HFRV\VWHPVKRZHYHU WKH\KDYHEHHQVKRZQ WRSHUVLVW LQVHGLPHQWVZKHUH WKH\
DUH ELRDYDLODEOH 0HULODLQLQ HW DO  YDQ GHQ +HXYHO HW DO 
7UDQVIRUPDWLRQ RI 5( WR VHFRQGDU\ FRPSRXQGV PD\ LQFUHDVH UHFDOFLWUDQFH DQG
WR[LFLW\7DYHUQGDOHHWDOD

7KLV 3K' WKHVLV UHVHDUFK K\SRWKHVLVHG WKDW µ5( ZRXOG EH UHFDOFLWUDQW LQ ODQG
DSSOLHG 30(6¶ SDUWLFXODUO\ WKRVH 5( IRXQG LQ VROLGV GHULYHG IURP DQDHURELF
HQYLURQPHQWV

,QLWLDOO\ D VXUYH\ RI WZRPLOOVZDVWHZDWHU WUHDWPHQW V\VWHPVZDV XQGHUWDNHQ WR
GHWHUPLQHWKHFRQFHQWUDWLRQDQGVSHFLDWLRQRI5(LQW\SLFDO1HZ=HDODQG30(6
)URP WKH FKHPLFDO DQDO\VLV RI 30(6 VXUYH\HG IRXU VROLGV ZHUH FKRVHQ ZLWK








5(FRQFHQWUDWLRQVZHUHPHDVXUHG LQVDPSOHVFROOHFWHGHYHU\ WKUHHPRQWKV IURP







8SULFKDUG  RI ZKLFK RYHU  FRQVLVW RI OHYRSLPDULF SDOXVWULF DQG
 
QHRDELHWLF DFLG 7DEOH  (IIOXHQW IURP D 1HZ =HDODQG PLOO XWLOLVLQJ
SUHGRPLQDQWO\3UDGLDWDKDVDGLIIHUHQW UHVLQDFLGFRPSRVLWLRQ WR WKDW IRXQG LQ



















/HYRSLPDULF3DOXVWULF   
1HRDELHWLF   
3LPDULF   
$ELHWLF   
'HK\GURDELHWLF   
,VRSLPDULF   
6DQGDUDFRSLPDULF   
8QLGHQWLILHG   
7UDQVIRUPHGUHVLQDFLGV   
'LFKORURGHK\GURDELHWLF   




7KH ILUVW VWDJH RI UHVHDUFK LQWR 30(6 FKHPLVWU\ LQYROYHG D VXUYH\ RI HIIOXHQW
VROLGZDVWHVJHQHUDWHGE\WKH7DVPDQDQG.LQOHLWKPLOOV7KLVZDVXQGHUWDNHQWR
VFRSH WKH W\SHV RI VROLGV SURGXFHG DQG WKH UDQJHV RI FRQFHQWUDWLRQV RI YDULRXV
H[WUDFWLYHV SUHVHQW LQ WKHZDVWHV IURP WKH WZRPLOOV ,Q -XQH DQG -XO\ RI 




3ULPDU\ VROLGVZHUH FROOHFWHGDW WKH VFUHZSUHVVDGMDFHQW WR WKH FODULIHU WUHDWLQJ
WKH7DVPDQPLOOHIIOXHQWEHIRUHHQWU\ WR WKHVHFRQGDU\ WUHDWPHQWV\VWHP)LJXUH
3RQGVWKUHHDQGIRXURIWKH7DVPDQDHUDWHGVWDELOLVDWLRQEDVLQV$6%ZHUH
VDPSOHG IURP D EDUJH QHDU WR DHUDWRUV DQG IURPERWWRP VHGLPHQWV DZD\ IURP
DHUDWRUV%LRVROLGVGUHGJHGIURPDOOSRQGVDWWKH7DVPDQPLOODUHDOORZHGWRGH
ZDWHUEHIRUHODQGILOOLQJ%LRVROLGVZHUHFROOHFWHGIURPDODQGILOODUHDDGMDFHQWWR




%LRVROLGV IURP WKH.LQOHLWK PLOO ZHUH FROOHFWHG IURP WZR$6% EDVLQV WKDW KDG
EHHQGUDLQHGIRUDSSUR[LPDWHO\WZR\HDUV7KHVHEDVLQVKDGKLVWRULFDOO\UHFHLYHG
DONDOL HIIOXHQW 7KH ILUVW LQ D VHULHV RI WKUHH EDVLQV .EDVLQZDVPHFKDQLFDOO\





 )DWH RI :RRG 5HVLQ ([WUDFWLYHV LQ )LHOG $SSOLHG 3XOS 0LOO
(IIOXHQW6ROLGV
%DVHG RQ WKH ILQGLQJV RI WKH 30(6 VXUYH\ IURP 7DVPDQ DQG .LQOHLWK PLOOV
UHVXOWVEHORZ6HFWLRQIRXU30(6ZHUHILHOGDSSOLHGLQ$XJXVWVHH
6HFWLRQIRUGHVFULSWLRQRI30(6DQG6HFWLRQIRUWKHILHOGWULDOVHWXS
6DPSOHV RI 30(6 IURP WKH WLPH RI ILHOG DSSOLFDWLRQ DQG DW WKUHH PRQWKO\
LQWHUYDOVRYHUWZR\HDUVZHUHFROOHFWHGIURPILHOGSORWVIRUDQDO\VLVRI5($IWHU
RQH \HDU VDPSOHV FROOHFWHG IURP DOO ILHOG DSSOLHG30(6 DW WLPH    DQG 
PRQWKVZHUHDQDO\VHGIRU5(FRQFHQWUDWLRQ6RLOVDPSOHVZHUHDOVRFROOHFWHGDW
QLQH PRQWKV IRU 5( DQDO\VLV RI VRLO IURP DOO SORWV LQFOXGLQJ WKH FRQWURO QR
30(6$IWHU WZR\HDUV VDPSOHV WKUHHPRQWKO\RI7DVPDQELRVROLGV 7%DQG
7$% XS WR  PRQWKV ZHUH UHDQDO\VHG IRU 5( 6DPSOHV ZHUH UHDQDO\VHG
 
EHFDXVH IRU WKHVHELRVROLGV LQLWLDO H[WUDFWLRQVKDG ORZUHFRYHULHVRI VSLNHG UHVLQ
DFLGV
30(6 VDPSOHV ZHUH FROOHFWHG E\ UHPRYLQJ WKH VXUIDFH OD\HU RI ILHOG DSSOLHG
VROLGV DQG WKHQ D VDPSOH ZDV WDNHQ IURP WKH PLGGOH RI WKH 30(6 SURILOH
DSSUR[LPDWHO\FPGHHS)RUHDFKWUHDWPHQWVDPSOHVZHUHFROOHFWHGIURPHDFK





([WUDFWLRQVZHUH FDUULHG RXW RQ 30(6 DQG ILHOG DSSOLHG 30(6 RYHU WZR \HDUV
IURP -XQH  ± 6HSWHPEHU  XVLQJ D +3 7 6XSHUFULWLFDO )OXLG
([WUDFWRU ([WUDFWHG VDPSOHV ZHUH DQDO\VHG E\ JDV FKURPDWRJUDSK\PDVV
VSHFWURPHWU\ 6SLNLQJ VDPSOHV SULRU WR H[WUDFWLRQ ZLWK VXUURJDWH VWDQGDUGV
UHSUHVHQWLQJ DOO PDMRU FRPSRXQG JURXSV DOORZHG H[WUDFWLRQ UHFRYHULHV WR EH
PRQLWRUHG$SSHQGL[)RUH[WUDFWLRQVRQILHOGDSSOLHG30(6PRQWKDQG
   PRQWK VDPSOHV DOO VDPSOHV RI D SDUWLFXODU WUHDWPHQW ZHUH H[WUDFWHG LQ
VXFFHVVLRQDOORZLQJGLUHFWFRPSDULVRQVWREHPDGHRIFRQFHQWUDWLRQVDWGLIIHUHQW
VWDJHV RI WKH ILHOG WULDOZLWKLQ HDFK WUHDWPHQW 7KLV DOORZHG GHFD\ FXUYHV WR EH
ILWWHG WR WKH H[WUDFWLYHV GDWD DQG KDOIOLYHV WR EH FDOFXODWHG IRU LQGLYLGXDO
FRPSRXQGV


















• 'XSOLFDWHV VDPSOHV ZHUH ZHLJKHG LQWR H[WUDFWLRQ WKLPEOHV ZLWK  O RI










• ,Q WKH H[WUDFWV WKH VROYHQW YROXPHZDV UHGXFHG RYHU1 JDV VDPSOHVZHUH
GULHG E\ IOXVKLQJ WKURXJK DQK\GURXV VRGLXP VXOSKDWH DQG WKHQ GHULYDWLVHG
VLO\ODWLRQIRUDQDO\VLVE\JDVFKURPDWRJUDSK\PDVVVHOHFWLYHGHWHFWLRQ*&

























H[WHQGHG WR  PRQWKV DIWHU ILHOG DSSOLFDWLRQ PDNLQJ D WRWDO RI QLQH VDPSOLQJ
WLPHV VXUURJDWH UHFRYHULHV DUH SUHVHQWHG IRU DOO VDPSOHV LQ $SSHQGL[ ,
0RGLILFDWLRQVPDGHWRWKH-XO\PHWKRGZHUHDVIROORZV
• 7KH DFLGLILFDWLRQ VWHS XVLQJ+&OZDV UHSODFHGE\ DGGLQJ OPHWKDQRO WR
LQFUHDVHSRODULW\RIWKHH[WUDFWLRQIOXLGDQG ORIIRUPLFDFLGLPPHGLDWHO\
EHIRUH6)(H[WUDFWLRQ
• $IWHUDQ LQLWLDO ILYHPLQXWHKROGLQJSHULRGDW WKHH[WUDFWLRQSUHVVXUHRQH









ZHUH DQDO\VHG IRU EXW QRW GHWHFWHG LQ DQ\ H[WUDFWV 3DOXVWULF DFLG OHYRSLPDULF
DFLG IHQFKRQH HXJHQRO KRPRYDQLOOLF DFLG IHUXOLF DFLG JDOOLF DFLG V\ULQJRO






7KH VXUYH\ RI WKH 7DVPDQ DQG .LQOHLWK PLOOV ZDVWH ZDWHU WUHDWPHQW V\VWHPV
UHYHDOHG D ZLGH UDQJH RI SULPDU\ VROLGV DQG VHFRQGDU\ ELRVROLGV GLVWLQFWO\
GLIIHUHQW IURP HDFK RWKHU LQ WKHLU RUJDQLF FRPSRXQG 5( DQDO\VLV 7DEOH 
3ULPDU\VROLGV3IURPWKH7DVPDQHIIOXHQWVWUHDPZHUHSUHGRPLQDQWO\ILEUHORVW
IURP WKH SXOSLQJ SURFHVV DQG ZHUH FKHPLFDOO\ GLVWLQFW IURP VHFRQGDU\ WUHDWHG
VROLGV1DWLYHUHVLQDFLGVDQGIDWW\DFLGVFRPSULVHGQHDUO\RIWRWDOH[WUDFWLYHV
LGHQWLILHG LQ SULPDU\ VROLGVZKHUHDV VHFRQGDU\ VROLGV KDG OHVV WKDQ  QDWLYH
UHVLQDFLGV%LRVROLGVWKDWKDGEHHQGHZDWHUHGIRUPRUHWKDQPRQWKV%%
DQG % KDG ORZ IDWW\ DFLGV ZKLOH ELRVROLGV FROOHFWHG IURP WKH VHFRQGDU\












%LRVROLGV UHPRYHG IURP WKH WUHDWPHQW SRQGV DW WKH 7DVPDQPLOOZHUH GLIIHUHQW





FKDUDFWHULVWLFV $JHG ELRVROLGV % IURP WKH 7DVPDQ ODQGILOO ZHUH DOVR ORZ LQ
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6LWRVWDQRO    















OLQH ILW WR OQ   FRQVWDQW ± NW VKRZLQJ WKH VLJQLILFDQFH RI WKH H[SRQHQWLDO
UHJUHVVLRQ
 1 N WGD\V S
1DWLYHUHVLQDFLGV    
3LPDULFDFLG    
$ELHWLFDFLG    
'HK\GURDELHWLFDFLG    
,VRSLPDULFDFLG    
6DQGDUDFRSLPDULFDFLG    
7UDQVIRUPHGUHVLQDFLGV    
'LFKORURGHK\GURDELHWLF    
&KORURGHK\GURDELHWLFDFLG    
$ELHWHQLFDFLG    
&KORURGHK\GURDELHWLFDFLG    
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 
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7RWDO5HVLQ$FLGV    
5HVLQDFLGQHXWUDOV    
)LFKWHOLWH    
'HK\GURDELHWLQ    
7HWUDK\GURUHWHQH    
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6LWRVWHURO    
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 
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OLQH ILW WR OQ   FRQVWDQW ± NW VKRZLQJ WKH VLJQLILFDQFH RI WKH H[SRQHQWLDO
UHJUHVVLRQ
 1 N WGD\V S
1DWLYHUHVLQDFLGV    
$ELHWLFDFLG    
'HK\GURDELHWLFDFLG    
,VRSLPDULFDFLG 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 
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 
7UDQVIRUPHGUHVLQDFLGV    
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   
'LFKORURGHK\GURDELHWLF    
&KORURGHK\GURDELHWLFDFLG    
&KORURGHK\GURDELHWLFDFLG    
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
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   
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3LPDUDQLFDFLG    
3LPDUHQLFDFLG    
6DQGDUDFRSLPDUHQLFDFLG    
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6HFRGHK\GURDELHWLFDFLG    
7RWDO5HVLQ$FLGV    
5HVLQDFLGQHXWUDOV    
)LFKWHOLWH    
'HK\GURDELHWLQ    
7HWUDK\GURUHWHQH    
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([SRQHQWLDOGHFD\FXUYHVZHUH ILWWHG WR7%DQG7$%PRQWKGDWD DQGDOVRD
VXEVHWRIWKHVHGDWDUHSUHVHQWLQJWKHILUVWPRQWKV7KLVZDVGRQHWRFRPSDUHWKH
GHFD\FRQVWDQWVGHULYHGIURPPRQWKVDQGPRQWKVRIGDWDLQRUGHUWRVHHKRZ




7KLV VXJJHVWV WKDW WKHGHFD\FXUYHV ILWWLQJ WKH736DQG.$%IURPPRQWKVRI
GDWDPD\RYHUHVWLPDWH WKH GHFD\ UDWHV LQ WKHVH WUHDWPHQWV FRPSDUHG WR WKH7%
DQG 7$% +RZHYHU WKLV LV XQOLNHO\ WR DFFRXQW IRU WKH PDJQLWXGH RI WKH
GLIIHUHQFHVREVHUYHGEHWZHHQUHVLQDFLGORVVHVIURP7DVPDQELRVROLGV7%7$%
DQGWKH736DQG.$%7DVPDQELRVROLGV7%7$%UHVLQDFLGVKDGRQDYHUDJH
PRUH WKDQIROGJUHDWHUKDOIOLYHV WKDQ736DQG.$%UHVLQDFLGV)XUWKHU WKH






DFLGV GHK\GURDELHWLF DQG DELHWLF DFFRXQWLQJ IRU JUHDWHU WKDQ  RI WRWDO





5( FRQFHQWUDWLRQV LQ WKH $K KRUL]RQV RI ELRVROLGV WUHDWPHQWV 7% 7$% DQG
.$%ZHUHQRWVLJQLILFDQWO\GLIIHUHQWIURPWKRVHLQWKHFRQWURO$KKRZHYHUWKH
736 WUHDWPHQW $K KRUL]RQ KDG VLJQLILFDQWO\ S KLJKHU IDWW\ DFLG
FRQFHQWUDWLRQV7DEOH

&RQFHQWUDWLRQVRI5(ZHUHKLJKHU LQ WKH)+KRUL]RQRI30(6 WUHDWPHQWV WKDQ
WKH FRQWURO )+7KHUHZDV D VOLJKW LQFUHDVH RI IDWW\ DFLGV LQ WKH7%7$% DQG
.$% WUHDWPHQWV FRPSDUHG WR WKH FRQWUROZKLOH 736 KDG D WHQIROG JUHDWHU IDWW\
 
DFLGFRQFHQWUDWLRQVFRPSDUHG WR WKHFRQWURO5HVLQDFLGVZHUHVOLJKWO\ LQFUHDVHG
LQ30(6)+KRUL]RQVFRPSDUHG WRWKHFRQWUROEXW WKHUHZHUHPRUHUHVLQDFLGV










EHQHDWK 736ZDV HVWLPDWHG WR FRQWDLQ OHVV WKDQ  RI WKH PDVV RI IDWW\ DFLGV
FRQWDLQHGLQWKHUHPDLQLQJ736DIWHUQLQHPRQWKV

7DEOH &RQFHQWUDWLRQ JJ RI IDWW\ DFLGV )$ UHVLQ DFLG QHXWUDOV 5$1
UHVLQDFLGV5$DQGSK\WRVWHUROV36LQ7DUDZHUDVRLOVDPSOHGQLQHPRQWKVDIWHU
30(6DSSOLFDWLRQDQGLQFRQWUROSORWVDWWKHVDPHWLPH
7UHDWPHQW )$ 5$1 5$ 36
+RUL]RQ PHDQ VH PHDQ VH PHDQ VH PHDQ VH
&RQWURO )+ ± ± ± ±
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GDWDIURPUHSOLFDWHRQO\
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
'LVFXVVLRQ&RQFOXVLRQV




UDQJH RI 30(6 W\SLFDO RI VRIWZRRGPLOOV XWLOLVLQJ $6% WUHDWPHQW RI HIIOXHQWV
1DWLYHUHVLQDFLGVDQGIDWW\DFLGVGRPLQDWHGWKHSULPDU\VROLGVZKLOHWUDQVIRUPHG
UHVLQ DFLGV DQG UHVLQ DFLG QHXWUDOV ZHUH FKDUDFWHULVWLF RI VHFRQGDU\ WUHDWPHQW
ELRVROLGV ,Q ILHOG DSSOLHG 30(6 WKH FRQFHQWUDWLRQ RI5(GHFUHDVHG RYHU WLPH
SUHVXPDEO\ GXH WR PLFURELDO GHJUDGDWLRQ EXW WKHUHZDV DOVR VRPH HYLGHQFH RI
PRYHPHQWLQWRWKHVRLOSURILOH)DWW\DFLGVLQ736LQSDUWLFXODUZHUHVLJQLILFDQWO\
JUHDWHULQVRLODQG)+KRUL]RQV)DWW\DFLGVDUHPRUHVROXEOHWKDQUHVLQDFLGVDQG
UHVLQ DFLG QHXWUDOV VRZRXOG EH H[SHFWHG WR OHDFKPRUH+RZHYHU WKHPDVV RI
IDWW\DFLGVLQWKH736)+KRUL]RQGLGQRWDFFRXQWIRUDKLJKSURSRUWLRQRIWRWDO
IDWW\ DFLGV PHDVXUHG LQ WKHVH VROLGV DW WKH WLPH RI ILHOG DSSOLFDWLRQ 6OLJKW
LQFUHDVHV LQ RWKHU 5( LQ )+ KRUL]RQV XQGHU 736 DQG RWKHU 30(6 FRXOG EH









LQFOXGLQJ WKH ZLQWHU SHULRG ZKHQ D GURS LQ ELRORJLFDO DFWLYLW\ ZDV REVHUYHG
&KDSWHUDQGSUHVXPDEO\GHFD\UDWHVDOVRGHFOLQH5(KDOIOLYHVFDOFXODWHGIRU
7% DQG 7$% LQWHJUDWHG  PRQWKV RI GHFD\ GDWD DQG VXJJHVWV WKDW UHVLQ DFLG






&KDSWHU  5HVLQ DFLGV VKRZHG YDULDEOH ORVVHV GHSHQGHQW XSRQ WKH W\SH RI
30(65HVLQ DFLGV IURP WKH7DVPDQELRVROLGV 7%7$%KDG DSSUR[LPDWHO\ D














5HVLQ H[WUDFWLYHV ZHUH QRW UHFDOFLWUDQW LQ 736 RU .$% DQG H[SRQHQWLDO GHFD\
FXUYHV ILWWHG WR QLQH PRQWKV RI GDWD LQGLFDWH VKRUW KDOIOLYHV 5HVLQ DFLGV ZHUH
UHFDOFLWUDQWLQ7%DQG7$%KDYLQJDQHVWLPDWHGDYHUDJHKDOIOLIHRIQHDUO\VHYHQ
\HDUV 5HVLQ DFLGV KDYH EHHQ UHSRUWHG WR EH UHFDOFLWUDQW LQ DQDHURELF VHGLPHQWV
/LYHU DQG +DOO  EXW KDYH EHHQ VKRZQ WR UDSLGO\ GHJUDGH XQGHU DHURELF
FRQGLWLRQV .RVWDPR DQG.XNNRQHQ  /LVV HW DO  .DLQXODLQHQ HW DO
 VWXGLHG UHVLQ DFLG GHFRPSRVLWLRQ LQ QHHGOH OLWWHU DQG IRXQG RQO\ 
UHPDLQHGDIWHUPRQWKVRQWKHIRUHVWIORRU0RVWORVVHVRFFXUULQJLQWKHILUVWVL[
PRQWKVKRZHYHUGHK\GURDELHWLFDFLGZDVVORZHUWRGHJUDGHDQGFRQFHQWUDWLRQV











ZLWKDTXDWLF WR[LFLW\RISXOSPLOOZDVWHV7KHH[WHQVLYH OLWHUDWXUHRQ WKHDTXDWLF
WR[LFLW\RISXOSPLOOHIIOXHQWZDVWHVIURPPRGHUQPLOOVLQGLFDWHVWKDWPXFKRIWKH
WR[LFLW\ LV DVVRFLDWHG ZLWK QDWXUDOO\ GHULYHG RUJDQLF FRPSRXQGV %LOOLDUG HW DO
+HZLWWHWDO3HQJDQG5REHUWV'XHWRWKHK\GURSKRELFQDWXUH




7HUUHVWULDO WR[LFLW\ RI SXOSPLOO HIIOXHQWZDVWHV KDV EHHQ LQYHVWLJDWHG LQ RQO\ D
OLPLWHGQXPEHURIVWXGLHV/HY\DQG7D\ORU0F&DUWK\HWDO3DOPHU
HW DO  5DQD HW DO  DQG OLWWOH 3DOPHU HW DO  RU QR GDWD ZDV
SUHVHQWHGRQWKHRUJDQLFFKHPLVWU\RIWKHVHZDVWHV0F&DUWK\HWDOIRXQG
QRWR[LFHIIHFWVRQWHUUHVWULDORUJDQLVPVH[SRVHGWRHIIOXHQWVROLGVIURPDWKHUPR




SK\WRWR[LFLW\ RU QXWULHQW OLPLWDWLRQ 7KHUH DUH QXPHURXV DFFRXQWV RI 30(6




VKRZHG WKDWPLFURELDO UHVSLUDWLRQ VRLO GHK\GURJHQDVH DFWLYLW\ DQG UHVSRQVHV RI
WZR OX[ EDVHG ELRVHQVRUVZHUH VLJQLILFDQWO\ UHGXFHG LQ VRLO DPHQGHGZLWK SXOS
PLOO SULPDU\ VOXGJH FRPSDUHG WR D FRQWURO VRLO UHFHLYLQJ QR VOXGJH5DQD HW DO
 VXSSOLHG ODERUDWRU\ UDWV ZLWK SXOS PLOO HIIOXHQW DV WKH RQO\ VRXUFH RI
GULQNLQJZDWHURYHUGD\VDQG IRXQG WKDW WKHUHZHUHQHJDWLYH LPSDFWVRQ WKH
 
UHSURGXFWLYH V\VWHP RIPDOH UDWV 6LJQLILFDQWO\ ORZHU WHVWLV ZHLJKWV FLUFXODWLQJ
WHVWRVWHURQH DQG VSHUP FRXQWPRWLOLW\ ZHUH REVHUYHG +DHPDWRORJLFDO DQG
VHURORJLFDO DQDO\VHV VXJJHVWHG WKDW OLYHU DQG NLGQH\ IXQFWLRQ PD\ EH
FRPSURPLVHG LQ UDWV H[SRVHG WR SXOS PLOO HIIOXHQW 5DQD HW DO  ,Q YLWUR
F\WRWR[LFHIIHFWVZHUHREVHUYHGRQKXPDQHSLWKHOLDODQGILEUREODVWFHOOVH[SRVHG
WR YDULRXV UHVLQ DFLGV E\ 6RGHUEHUJ HW DO 7KHVH VWXGLHV VXJJHVWHG WKDW
XQGHU FHUWDLQ FLUFXPVWDQFHV 30(6 FRXOG FDXVH QHJDWLYH LPSDFWV LQ WHUUHVWULDO
RUJDQLVPV

,Q 1HZ =HDODQG SXOS DQG SDSHU PLOOV ZKLFK SUHGRPLQDQWO\ XWLOLVH WKH FRQLIHU
VSHFLHV3LQXV UDGLDWD WKH HIIOXHQWV SURGXFHG DUH KLJK LQ UHVLQ H[WUDFWLYHV 5(
LQFOXGLQJ SK\WRVWHUROV UHVLQ DFLGV 5$ DQG IDWW\ DFLGV )$ -XGG HW DO 
-XGG HW DO  :LONHQV DQG 3DQDGDP  5HVLQ DFLGV FDQ DOVR EH




HW DO  KDYH DOO EHHQ LPSOLFDWHG LQ DTXDWLF WR[LFLW\ GHULYHG IURP SXOS DQG
SDSHU PLOO GLVFKDUJHV 7KH 3$+ UHWHQH FRPPRQO\ IRXQG LQ VHFRQGDU\ WUHDWHG
30(6LVDQDON\OVXEVWLWXWHGSKHQDQWKUHQHWKDWLVWR[LFWRILVKDWFRQFHQWUDWLRQV
EHORZPJ/%LOOLDUGHWDO3$+VVXFKDVSKHQDQWKUHQHDUHDOVRWR[LFWR




ZDVWHV KDYH EHHQ REVHUYHG LQ GLIIHUHQW DTXDWLF RUJDQLVPV .RYDFV HW DO 
0F0DVWHU HW DO  6DQGVWURP DQG 1HXPDQ  $V WHUUHVWULDO RUJDQLVPV
GLIIHU LQ LPSRUWDQW ZD\V IURP DTXDWLF RUJDQLVPV .HQGDOO HW DO  DQG DV
H[SRVXUHWRRUJDQLFFRPSRXQGVFDQGLIIHUJUHDWO\EHWZHHQDTXDWLFDQGWHUUHVWULDO








$W WKH WLPH WKDW WKLV UHVHDUFKZDV LQLWLDWHGD UHYLHZRI WKH OLWHUDWXUH LQGLFDWHG D
SDXFLW\RI LQIRUPDWLRQRQ WHUUHVWULDO WR[LFLW\RI30(67KH3K' WKHVLV UHVHDUFK
VRXJKW WR SURYLGH EDVHOLQH GDWD RQ WHUUHVWULDO WR[LFLW\ RI W\SLFDO 30(6 IURP
VRIWZRRGPLOOV 7KH REMHFWLYH ZDV WR WHVW XVLQJ D UDQJH RI FKHPLFDOO\ GLVWLQFW
30(6 WKH K\SRWKHVLV µUHVLQ H[WUDFWLYHV 5( DUH ELRDYDLODEOH DQG DUH WR[LF WR
VHOHFWHG WHUUHVWULDORUJDQLVPV¶ 7KH UHVXOWV IURP WKHVH1HZ=HDODQGZDVWHVDUH
H[SHFWHG WR EH DSSOLFDEOH WR UHVXOWV IURP SXOS PLOO ZDVWHV SURGXFHG LQ PDQ\





DQG LQWHUQDWLRQDOO\ &KHPLFDO FKDUDFWHULVDWLRQ DOVR DOORZHG UHVXOWV RI WHUUHVWULDO





FRQVWLWXHQWV RI 30(6 ZHUH OLNHO\ WR FDXVH KDUP WR VRLO RUJDQLVPV DQG WR
GHWHUPLQH ZKDW OHYHOV RI WKH 5( SUHVHQW LQ WKH ZDVWHV ZHUH GHWULPHQWDO WR
WHUUHVWULDO RUJDQLVPV 7KHVH H[SHULPHQWV DOVR VRXJKW WR GHWHUPLQH WKH
ELRDYDLODELOLW\RIWKH5(WRWKHELRWDH[SRVHG

$VXLWHRIELRDVVD\RUJDQLVPVZHUH FKRVHQ WKDWZHUH UHSUHVHQWDWLYHRI GLIIHUHQW
IXQFWLRQDO JURXSV ZLWKLQ WHUUHVWULDO HFRV\VWHPV 2UJDQLVPV WKDW KDG SUHYLRXVO\
EHHQZHOO FKDUDFWHULVHGZHUH FKRVHQ DQG LQWHUQDWLRQDOO\ UHFRJQLVHG WR[LFLW\ WHVW
JXLGHOLQHVZHUHIROORZHGVRWKRVHILQGLQJVZRXOGEHUHOHYDQWWRWKHLQWHUQDWLRQDO
OLWHUDWXUH $V WKHUH ZHUH QR GDWD DYDLODEOH RQ WKH WR[LFLW\ RI 5( WR WHUUHVWULDO
RUJDQLVPV WHVWVZHUH FDUULHG RXW LQ D UDQJHRI 30(6 WKDW KDGZLGHO\GLIIHULQJ
FRQFHQWUDWLRQVRI5(2UJDQLVPVZHUHH[SRVHGWRXQGLOXWHG30(6WRGHWHUPLQHLI
 
WKHUH ZDV DQ\ WR[LF UHVSRQVH 7R[LFLW\ HQGSRLQWV ZHUH GHVLJQHG WR LQYHVWLJDWH
DFXWHDQGFKURQLFHIIHFWV,IWR[LFLW\ZDVREVHUYHGWKLVZRXOGIRUPWKHEDVLVIRU
IXUWKHU WHVWV XVLQJ D UDQJH RI FRQFHQWUDWLRQV WR HVWDEOLVK WKH WKUHVKROG
FRQFHQWUDWLRQZKHUHHIIHFWVZKHUHREVHUYHG

$ PRQRFRW\OHGRQ SODQW RDWV $YHQD VDWLYD ZKLFK LV URXWLQHO\ XVHG LQ SODQW
WR[LFLW\WHVWLQJZDVFKRVHQWRUHSUHVHQWSULPDU\SURGXFHUV$QHDUWKZRUPDQGDQ
HQFK\WUDHLGZRUPVSHFLHVUHSUHVHQWLQJWZRGLIIHUHQWIXQFWLRQDOJURXSVDQGOHYHOV
RI VHQVLWLYLW\ ZHUH XVHG IRU LQYHUWHEUDWH WR[LFLW\ ELRDVVD\V 'DP HW DO 
'LGGHQ DQG 5RPENH  0LFURWR[ WHVWV ZHUH FRQGXFWHG RQ OLTXLG SKDVH
H[WUDFWV RI WKH ZDVWH VROLGV WR HYDOXDWH SRWHQWLDO WR[LFLW\ RI OHDFKDWH IURP WKH
30(6  ,QDGGLWLRQ WR WKHVHVLQJOHRUJDQLVP WHVWVPLFURELDOEDVDO UHVSLUDWLRQ D
FRPPXQLW\ OHYHO ELRDVVD\ZDV DOVR FRQGXFWHG IURP VRLO FROOHFWHG IURP D ILHOG






RI FRQFHQWUDWLRQV RI 5$ )$ VWHUROV DQG 5$1 7DEOH  6L[ GLIIHUHQW VROLG




$ ILIWK WUHDWPHQW WHVWHG LQ VLQJOH RUJDQLVP ELRDVVD\V ZDV D ORZ 5( PDWHULDO
ZKLFK ZDV JHQHUDWHG E\ WUHDWLQJ 7DVPDQ SULPDU\ VROLGV 736 ZLWK DONDOL WR
UHPRYH5$ DQG)$  WKH SUHGRPLQDQW H[WUDFWLYHV LQ736 7DEOHV  DQG 
7KH736ZHUHZDVKHGZLWK 01D2+ WR UHPRYH UHDGLO\ VROXEOH DQG DFLGLF
FRPSRXQGV 6HTXHQWLDO IOXVKLQJ ZLWK ZDWHU DW URRP WHPSHUDWXUH UHPRYHG
VROXEOHH[WUDFWLYHVDQGDONDOLDQGZDVUHSHDWHGXQWLOQHXWUDOS+RIWKHVROLGZDV




,WZDV QRW SRVVLEOH WR REWDLQ 30(6 WKDW GLG QRW FRQWDLQ 5( WR DFW DVPDWFKHG
FRQWUROVIRUWKHZDVWHVROLGV$VLOWORDPVRLO7HPSOWRQVLOWORDP±76/ZDVXVHG
DV D UHIHUHQFH VXEVWUDWH7KLV VRLOZDV UHPRYHG IURPD VLWHZKHUH WKHUHZDV QR
NQRZQKLVWRU\ RI FKHPLFDO FRQWDPLQDWLRQ DQG KDG WKH IROORZLQJ FKDUDFWHULVWLFV
 VDQG  VLOW  FOD\  RUJDQLF FDUERQ FRQWHQW DQG D S+ RI 
%LRORJLFDOUHVSRQVHVRIVRLOLQYHUWHEUDWHVDQGSODQWVLQWKLVFRQWUROVRLOKDYHEHHQ
SUHYLRXVO\ FKDUDFWHULVHG 2
+DOORUDQ HW DO  KHQFH LW ZDV XVHG LQ WKHVH
WR[LFLW\WHVWVDVDUHIHUHQFHWRHYDOXDWHDQ\WR[LFLW\WKDWPD\RFFXUDVDUHVXOWRI
H[SRVXUH WR WKH 5( LQ 30(6 0LFURELDO FRPPXQLW\ UHVSLUDWLRQ ZDV DVVHVVHG
XVLQJ7DUDZHUD ORDP\ VDQG 7/6  VRLO  VDQG  VLOW  FOD\ RUJDQLF




ZDV J ZDWHU SHU GU\ J RI VRLO  ZDWHU FRQWHQW 7KLV VRLO ZDV XVHG DW
DSSUR[LPDWHO\:+&PD[LQWKHELRDVVD\VZDWHUFRQWHQW,QFRQWUDVWWKH
ZDVWH VROLGV ZKLFK KDG D PXFK JUHDWHU FDSDFLW\ IRU KROGLQJ ZDWHU :+&PD[
UDQJHG IURP  ZDWHU FRQWHQW ZHUH XVHG LQ WKH WHVWV DW  RI
:+&PD[VRDVQRWWROLPLWZDWHUDYDLODELOLW\WRWKHWHVWRUJDQLVPV7KH:+&PD[
RI WKH ORDP\VDQGVRLO 7/6XVHGDVDFRQWURO LQ WKHEDVDO UHVSLUDWLRQZDV
ZDWHU FRQWHQW DQG ZDV XVHG DW ILHOG PRLVWXUH FRQWHQW DSSUR[LPDWHO\ 
:+&PD[

 0HDVXUHPHQW RI 5HVLQ ([WUDFWLYHV LQ 7LVVXH DQG 3XOS 0LOO
(IIOXHQW6ROLGV
2UJDQLFH[WUDFWLYHVZHUHGHWHUPLQHGLQ30(6DQGIUHH]HGULHGZKROHHDUWKZRUP
WLVVXH IURP  LQGLYLGXDOV DQG XVLQJ VXSHUFULWLFDO &2 H[WUDFWLRQ DQG JDV
FKURPDWRJUDSK\PDVVVHOHFWLYH GHWHFWLRQ *&06' )RU D GHWDLOHG GHVFULSWLRQ






JURZWK WHVWV $670(3$2(&' DQGZHUH FRQGXFWHGXQGHU
FRQWUROOHGHQYLURQPHQWDOFRQGLWLRQVWHPSHUDWXUH&KOLJKWDWOX[
KGDUNKXPLGLW\!7ZRFRQFHQWUDWLRQVRIIRXURIWKH30(6ZHUHWHVWHG±
 GLOXWHGZLWK7HPSOWRQ VLOW ORDP76/ DQGQRQGLOXWHG DVZHOO DV
WKH UHIHUHQFH VRLO 76/'XH WR D VKRUWDJH RIZDVKHG736 WKLV WUHDWPHQWZDV
RQO\ DSSOLHG DW WKHFRQFHQWUDWLRQ(DFK WUHDWPHQWKDG IRXU UHSOLFDWHVZLWK
HDFK UHSOLFDWH FRQVLVWLQJ RI ILYH VHHGV RI RDWV $ VDWLYD HDFK VHHG EHLQJ LQ D
VHSDUDWH SRW 6RLOPRLVWXUHZDVPDLQWDLQHG WKURXJKRXW WKH VWXG\ E\ SODFLQJ WKH
SRWVRQSUHPRLVWHQHGFDSLOODU\SDSHUDQGHQVXULQJWKDWWKHSDSHUUHPDLQHGPRLVW







2(&'  6H[XDOO\ PDWXUH DGXOW HDUWKZRUPV (LVHQLD IHWLGD RI VLPLODU





(DUWKZRUPVZHUH IHGXQFRQWDPLQDWHG IUHVK FRZPDQXUH LQJSRUWLRQVRQGD\
WZR DQGZHHNO\ WKHUHDIWHU LI WKH PDQXUH KDG EHHQ FRQVXPHG 6RLO DQG 30(6
PRLVWXUH ZDV FKHFNHG DQG PDLQWDLQHG DW WKH LQLWLDO ZDWHU FRQWHQW RQ D ZHHNO\





DQG  WR HYDOXDWH JURZWK $IWHU  GD\V DGXOWV ZHUH UHPRYHG DOORZHG WR
GHSXUDWHIRUKRXUVDQGWKHQIUR]HQDW±&7KHWLVVXHZDVIUHH]HGULHGEHIRUH
FKHPLFDODQDO\VLV%LRDFFXPXODWLRQIDFWRUVZHUHFDOFXODWHGIRUHDUWKZRUPVEDVHG
RQ WKHFRQFHQWUDWLRQVRI5(PHDVXUHG LQ WHVWPDWHULDO DQG LQZKROHERG\ WLVVXH
IURPH[SRVHGHDUWKZRUPV7ZHQW\ZRUPVIURPWZRUHSOLFDWHVZHUHSRROHGIURP
HDFK WUHDWPHQWDQG WKUHH UHSOLFDWHVXEVDPSOHVZHUHH[WUDFWHG IURPHDFKSRROHG
VDPSOH 7KH ELRDFFXPXODWLRQ IDFWRU IRU LQGLYLGXDO FRPSRXQGV LV GHILQHG DV WKH
UDWLRRIGU\ZHLJKWFRQFHQWUDWLRQLQHDUWKZRUPWLVVXHWRGU\ZHLJKWFRQFHQWUDWLRQ
LQWHVWPDWHULDO&RFRRQVSURGXFHGGXULQJWKHGD\H[SRVXUHSHULRGZHUHOHIWWR







7KHUHZHUHZRUPVSHU UHSOLFDWH DQG IRXU UHSOLFDWHVSHU WUHDWPHQW 7KHDJHG
ELRVROLGVIURPWKH.LQOHLWKPLOO.$%ZKLFKVKRZHGWKHKLJKHVWOHYHOVRI5(LQ
SUHOLPLQDU\ WHVWV 7DEOH  ZHUH FRQVLGHUHG WR EH WKH PRVW OLNHO\ WR FDXVH
QHJDWLYHHIIHFWV7REHWWHUGHILQHDQ\WR[LFLW\WKDWPLJKWEHREVHUYHGD.$%
PL[HGZLWK 76/ WKUHH UHSOLFDWHV WUHDWPHQWZDV LQFOXGHG 7HPSOHWRQ VLOW ORDP
ZDVXVHGDVDUHIHUHQFHVRLODQGFRPSULVHGHLJKWUHSOLFDWHV$XWRFODYHGUROOHGRDWV
PJMDUZHUHPL[HGLQWRWKHWHVWPDWHULDODWWKHFRPPHQFHPHQWRIWKHWHVWDVD
VRXUFH RI IRRG $Q DGGLWLRQDO  PJMDU ZDV IHG DW GD\V  DQG  -DUV ZHUH
LQFXEDWHG LQ WKH GDUN DW & DQG DHUDWHG RQ D ZHHNO\ EDVLV 6RLO DQG 30(6
PRLVWXUH ZHUH FKHFNHG DQG PDLQWDLQHG RQ D ZHHNO\ EDVLV $IWHU WKUHH ZHHNV
DGXOWV ZHUH UHPRYHG FRXQWHG DQG WKH WUHDWPHQWV ZHUH OHIW IRU D IXUWKHU WKUHH





0LFURELDOEDVDO UHVSLUDWLRQGLIIHUVIURPWKHRWKHUELRDVVD\VXVHG LQ WKLVVWXG\LQ
WKDW LW LV D FRPPXQLW\ OHYHO DVVD\ LQWHJUDWLQJ UHVSRQVHV RI PXOWLSOH VSHFLHV RI
PLFURRUJDQLVPV:KHUHDV76/ZDVXVHGDVDFRQWURORUUHIHUHQFHVRLOLQDOORWKHU
ELRDVVD\V 7/6 VRLO ZDV XVHG DV D FRQWURO WR LQYHVWLJDWH EDVDO UHVSLUDWLRQ 6RLO
UHVSLUDWLRQ ZDV DOVR LQYHVWLJDWHG LQ WKH 7DUDZHUD VRLO 7/6 LQ WKH ILHOG WULDO
VHFWLRQ  2QH RI WKH REMHFWLYHV RI WKLV H[SHULPHQW ZDV WR FRPSDUH
UHVSRQVHV RI WKH PLFURELDO FRPPXQLW\ LQ WKH ILHOG DQG DOVR XQGHU ODERUDWRU\
FRQGLWLRQV 0LFURELDO UHVSRQVHV WR GLIIHUHQW FDUERQ VXEVWUDWHV OLJQLQFHOOXORVH











HDFK WUHDWPHQW ZHUH LQFXEDWHG DW & IRU  GD\V ZLWK .2+ EHLQJ WLWUDWHG
DJDLQVW0+&OWRGHWHUPLQH&2HYROYHG7LWUDWLRQVZHUHSHUIRUPHGRQGD\V




0LFURWR[ LVD WR[LFLW\ WHVW WKDWXVHV WKH OXPLQHVFHQWEDFWHULD9LEULR ILVFKHUL WR
DVVHVV WR[LFLW\ E\ PHDVXULQJ D GHFUHDVH LQ OXPLQHVFHQFH LQ UHVSRQVH WR WR[LF
VXEVWDQFHV7R[LFLW\RISXOSPLOO HIIOXHQWZDVWHV WR0LFURWR[KDVEHHQZLGHO\
UHSRUWHG DQG IRXQG WR FRUUHODWH ZHOO ZLWK WR[LFLW\ LQ RWKHU DTXDWLF RUJDQLVPV
H[SRVHG WR WKHVHZDVWHV 0XQNLWWULFNDQG3RZHU0LFURWR[ZDVXVHG WR
DVVHVV WKH WR[LFLW\RI OHDFKDWH IURPWKHSXOSDQGSDSHUPLOOZDVWHV30(6ZHUH
DGMXVWHG WRDSSUR[LPDWHO\ WKUHH WLPHV WKHLU:+&PD[ZLWKGLVWLOOHGZDWHURU
 
HWKDQRO DQG WKHQ ZHUH VKDNHQ RQ DQ HQGRYHUHQG VKDNHU IRU  KRXUV EHIRUH
FHQWULIXJLQJDW[*IRUPLQXWHV(WKDQROH[WUDFWVZHUHXVHGWRGHWHUPLQH
LI WR[LFFRPSRQHQWVRIZDVWHVROLGVFRXOGEHPDGHPRUHELRDYDLODEOH WR WKH WHVW
RUJDQLVP 7KH VXSHUQDWDQW IURP WKH ZDWHU H[WUDFWLRQ ZDV XVHG DW D VWDUWLQJ
FRQFHQWUDWLRQRIDQGHWKDQROH[WUDFWVDWVRDVWREHEHORZHWKDQROWKH






%ULHIO\ D GLOXWLRQ VHULHVZDV SUHSDUHGZLWK WHVW VDPSOHV LQ RVPRWLF DGMXVWPHQW
VROXWLRQDQGLQFOXGHGDFRQWUROZKLFKGLGQRWFRQWDLQ WHVWPDWHULDO/\RSKLOLVHG



















7KH FKHPLFDO DQDO\VLV RI 30(6 UHIOHFWHG WKH HQYLURQPHQWV IURP ZKLFK WKH
GLIIHUHQW 30(6ZHUH GHULYHG 7KH736 KDG KLJK FRQFHQWUDWLRQV RI QDWLYH UHVLQ
DFLGV DQG IDWW\ DFLGV GHULYHG IURP ZRRG DV FDQ EH VHHQ LQ 7DEOH  7DVPDQ
SULPDU\ VROLGV VKRZQR GHWHFWDEOH ELRWUDQVIRUPDWLRQ SURGXFWV VXFK DV WKH 3$+
UHWHQH:DVKLQJRI736ZLWKGLOXWH1D2+UHVXOWHGLQUHPRYDORIUHVLQDFLGV
ZLWKUHGXFWLRQLQIDWW\DFLGV7DEOH7KHWKUHHELRVROLGVDOVRFRQWDLQHG
KLJK UHVLQ DFLGFRQFHQWUDWLRQV.LQOHLWK DJHGELRVROLGV .LQOHLWKPLOO UHVLQ DFLG
FRQFHQWUDWLRQVZHUH DSSUR[LPDWHO\ VL[ WLPHV WKRVH IRXQG LQ736 7DVPDQPLOO
ZKLOVW7% DQG7$% 7DVPDQPLOO KDG DSSUR[LPDWHO\ WKH VDPH OHYHOV IRXQG LQ
7367KHGLIIHUHQFHEHWZHHQ736DQGELRVROLGVLVGXHWRWKHUHODWLYHGLVWULEXWLRQ
RIUHVLQDFLGV8QOLNH736ELRVROLGVFRQWDLQHGVXEVWDQWLDOTXDQWLWLHVRIUHVLQDFLG






XVHG IRU WKLV VWXG\)RUDGHWDLOHGDQDO\VLVRIDOO FRPSRXQGVGHWHFWHG VHH7DEOH

&RPSRXQG
&RQFHQWUDWLRQVLQJJGZ 7$% 7% .$% 736
:DVKHG
736
7RWDO5HVLQ$FLGV1HXWUDOV     
7RWDO5HVLQ$FLGV     
7RWDO3K\WRVWHUROV     
7RWDO0RQRWHUSHQHV     
7RWDO3KHQROLFV     
7RWDO)DWW\$FLGV     






WKHUHIHUHQFHVRLO 76/ ,QDOO WUHDWPHQWVVHHGVKDGPHDQJHUPLQDWLRQ WLPHVRI
IRXU WR ILYHGD\VZLWKJHUPLQDWLRQUDQJLQJIURP WRVHHGVRXWRIVRZQ
5RRWZHLJKWURRW OHQJWKDQGVKRRW OHQJWKZHUHVLJQLILFDQWO\HQKDQFHGS
LQRDWVJURZQLQVHYHUDORIWKH30(6WUHDWPHQWVFRPSDUHGWRWKRVHJURZQLQWKH
UHIHUHQFH VRLO 76/ ZKHUHDV VKRRW ZHLJKWV ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW
)LJXUH  2DWV JURZQ LQ 7% IURP WKH 7DVPDQPLOO KDG VLJQLILFDQWO\ ORQJHU
VKRRWVKRZHYHUWKLVZDVQRWUHIOHFWHGLQVKRRWELRPDVV6HHGVVRZQLQDOORIWKH
30(6WUHDWPHQWVSURGXFHGRDWVHHGOLQJVZLWKVLJQLILFDQWO\ORQJHUURRWVDQGWKHUH
ZDV D VLJQLILFDQWO\ LQFUHDVHG URRW ELRPDVV LQ DOO WUHDWPHQWV H[FHSW WKH .$%
FRPSDUHGWRWKRVHJURZQLQWKHUHIHUHQFHVRLO)LJXUH7KH30(6WUHDWPHQWV









7KHUH ZDV QR VLJQLILFDQW HDUWKZRUP PRUWDOLW\ DIWHU  GD\V LQ DQ\ RI WKH
WUHDWPHQWV 0RUWDOLW\ ZDV KLJKHVW LQ WKH UHIHUHQFH VRLO 76/ EXW LW GLG QRW
H[FHHGZKLFKZDVZLWKLQWKHDFFHSWDEOHOLPLWVVHWRXWLQWKHHDUWKZRUPWHVW
JXLGHOLQHV ,622(&'$IWHUGD\VH[SRVXUH HDUWKZRUPZHLJKW



















































 QRW VLJQLILFDQW LQ WKH 7$% 7KLV LQFUHDVHG IHFXQGLW\ LV UHIOHFWHG LQ
VLJQLILFDQWO\ S  KLJKHU MXYHQLOH FRXQWV LQ WKH7%  SHU MDU DQG7$%
SHUMDUFRPSDUHGWRWKDWLQWKHUHIHUHQFHVRLOMXYHQLOHVMDU)LJXUH





7LVVXH DQDO\VLV RQH SRROHG VDPSOH SHU WUHDWPHQW RI DGXOWV UHYHDOHG WKDW
HDUWKZRUPVKDGDFFXPXODWHGUHVLQDFLGQHXWUDOVDQGWRDPXFKOHVVHUH[WHQWUHVLQ
DFLGVRYHU WKHGD\H[SRVXUHWR30(67DEOH5HVLQDFLGVDQGUHVLQDFLG
QHXWUDOV ZHUH QRW GHWHFWHG LQ ZRUPV H[SRVHG WR WKH UHIHUHQFH VRLO 7KHZRUPV
H[SRVHGWR736DQGZDVKHG736KDGDVPDOODFFXPXODWLRQRIUHVLQDFLGQHXWUDOV
GHVSLWH DQ DEVHQFH RI WKH FRPSRXQGV LQ WKHVH VROLGV 7DEOH  7KH W\SH RI


































FRQFHQWUDWLRQ RI ILFKWHOLWH ZDV  JJ LQ 7% DQG  JJ LQ HDUWKZRUPV
H[SRVHG WR WKHVH ELRVROLGV UHSUHVHQWLQJ D ELRDFFXPXODWLRQ IDFWRU %$) RI
7DEOH  :KHUHDV .$% KDG D PXFK KLJKHU FRQFHQWUDWLRQ RI ILFKWHOLWH
JJKRZHYHUWKHFRQFHQWUDWLRQLQWKHHDUWKZRUPVH[SRVHGWR.$%ZDV
RQO\  JJ UHSUHVHQWLQJ D %$) RI  5HWHQH RQ WKH RWKHU KDQG ZDV
IRXQGWRDFFXPXODWHWRDJUHDWHUH[WHQWLQHDUWKZRUPVH[SRVHGWR.$%FRPSDUHG
WRHDUWKZRUPVH[SRVHG WR7%ZLWK%$)¶VRIDQG UHVSHFWLYHO\)RU
UHVLQ DFLGV HDUWKZRUPVH[SRVHG WR736KDGD%$)RI IRUGHK\GURDELHWLF
DFLGZKHUHDV IRU DELHWLF DFLGZKLFKZDVPRUH WKDQGRXEOH WKHFRQFHQWUDWLRQRI
UHWHQHLQ.$%7DEOHWKH%$)ZDVRQO\7DEOH&RQFHQWUDWLRQRI




LQ EUDFNHWV JJ LQ HDUWKZRUPV IRU UHVLQ H[WUDFWLYHV IRXQG LQ 30(6 :RUP
WLVVXHDQDO\VLVFDUULHGRXWLQWULSOLFDWHRQVXEVDPSOHVIURPZRUPV
&RPSRXQG 7$% 7% .$% 736 :DVKHG
736
)LFKWHOLWH    QGÁ QG
'HK\GURDELHWLQ QG   QG QG
7HWUDK\GURUHWHQH QG QG  QG QGÁ
5HWHQH    QGÁ QG
'HK\GURDELHWLFDFLG     QG
$ELHWLFDFLG  QG   QG
3LPDUDQLFDFLG    QG QG





7KHUH ZDV QR VLJQLILFDQW PRUWDOLW\ RI DGXOW HQFK\WUDHLGV DIWHU WKUHH ZHHNV
H[SRVXUH LQ DQ\RI WKH WUHDWPHQWV )LJXUH&RFRRQVSURGXFHGE\ WKH DGXOWV
ZHUHOHIWLQWKHWUHDWPHQWVWRKDWFKDQGMXYHQLOHVZHUHFRXQWHGDIWHUDIXUWKHUWKUHH
ZHHNV 7KH QXPEHU RI MXYHQLOHV SURGXFHG LQ LQGLYLGXDO 30(6 WUHDWPHQWVZHUH
 
FRPSDUHG WRSURGXFWLRQ LQ WKH UHIHUHQFHVRLO 76/7KHUHZDVVLJQLILFDQWO\ S
 IHZHU MXYHQLOHV SURGXFHG LQ WKH 736  .$%  DQG WKH 7%
 DQG QR MXYHQLOH SURGXFWLRQ LQ WKH ZDVKHG 736 7KH 7$% IURP WKH




)LJ(QFK\WUDHLG DGXOWV VXUYLYLQJDIWHUGD\VDQG MXYHQLOHVSURGXFHGDIWHU








LQ WKH736 WUHDWPHQWZDVUHVSLUDWLRQVLJQLILFDQWO\JUHDWHU LQ WKHWUHDWPHQW
FRPSDUHG WR WKH  WUHDWPHQW 7KHUHZDV QR UHODWLRQVKLS EHWZHHQ FXPXODWLYH
&2 SURGXFWLRQ DQG5(FRQFHQWUDWLRQ LQ30(6 WUHDWPHQWV U    S  RU






























ZHUH FRPSDUHG VHSDUDWHO\ IURPPL[HG30(6VRLO WUHDWPHQWV WKHUHZDV DZHDN
UHODWLRQVKLSZLWK72&U SDQGWKHUHZDVDOVRDZHDNUHODWLRQVKLS
EHWZHHQVRLO30(6WUHDWPHQWVDQG72&U S:KHQUHVSLUDWLRQSHU
XQLW RI 72& ZDV FDOFXODWHG DOO ELRVROLGVVRLO WUHDWPHQWV JDYH VLJQLILFDQWO\
S JUHDWHU YDOXHV WKDQ GLG  ELRVROLGV WUHDWPHQWV RU VRLO DORQH
5HVSLUDWLRQ SHU XQLW RI 72& IRU 736  WUHDWPHQW ZDV QRW VLJQLILFDQWO\
GLIIHUHQWIURP736DQG






)LJ0LFURELDO UHVSLUDWLRQ UDWHHVWLPDWHG IURPFXPXODWLYH&2 UHVSLUHGRYHU
GD\VJ&2&SURGXFHGSHUJGZRI7DUDZHUDVRLOFRQWURODQGZDVWHVROLGV



















































PLQXWH(&   7DEOH   (WKDQRO H[WUDFWV RI WKH UHIHUHQFH VRLO
7DEOH  DQG HWKDQRO FRQWURO GDWD QRW VKRZQ ZHUH QRW WR[LF KRZHYHU WKH
HWKDQRO H[WUDFWV RI DOO RI WKH 30(6 ZHUH PRUH WR[LF WKDQ WKH FRUUHVSRQGLQJ
OHDFKDWHZDWHUH[WUDFWVZLWKPLQXWH(&VRI7DEOH2I WKRVH
30(6 H[WUDFWV .$%ZDV PRVW WR[LF IROORZHG E\ 736 ZDVKHG 736 7% DQG

















 7KH FRQFHQWUDWLRQ RI VDPSOHV XVHG UDQJHG IURP  WR  IRU ZDWHU
H[WUDFWV DQG  WR  IRU HWKDQRO H[WUDFWV(&¶V WKDWZHUH RXWVLGH WKH
FRQFHQWUDWLRQUDQJHZHUHGHWHUPLQHGE\H[WUDSRODWLRQIURPGRVHUHVSRQVHFXUYHV
WKDW ZHUH SORWWHG ! LQGLFDWHV WKDW WKH FDOFXODWHG (& ZDV DERYH WKH
FRQFHQWUDWLRQRIWKHXQGLOXWHGVDPSOH








SXOSDQGSDSHUZDVWHVROLGVZHUHQRWDFXWHO\ OHWKDO WR WKHVRLO LQYHUWHEUDWHVDQG
SODQWV WHVWHG LQ WKHVH H[SHULPHQWV EXW WKHUH ZHUH UHSURGXFWLYH HIIHFWV RQ
HQFK\WUDHLG ZRUPV $FXWH WR[LFLW\ RI DTXHRXV H[WUDFWV RI WKH VROLG ZDVWHV ZDV
REVHUYHG ZLWK DQ DTXDWLF EDFWHULDO ELRDVVD\ KRZHYHU PLFURELDO FRPPXQLW\
ELRDVVD\VVKRZHGWKDW30(6LQFUHDVHGVRLOPLFURELDOUHVSLUDWLRQ'LIIHUHQFHV LQ
EDVDOUHVSLUDWLRQEHWZHHQKLJKDQGORZPRLVWXUHFRQWHQWVRI30(6VXJJHVWVWKDW
ZDWHU DYDLODELOLW\ LV LPSRUWDQW IRU PLFURELDO DFWLYLW\ DQG WKDW GLIIHUHQW 30(6
KDYHGLIIHUHQWRSWLPDOPRLVWXUHFRQWHQWVIRUPLFURELDODFWLYLW\

7KH ODFN RI DFXWH HIIHFWV LQ WKH HDUWKZRUP DQG SODQW WHVWV LQGLFDWHG HLWKHU
WROHUDQFH WR WKH FRQWDPLQDQWV SUHVHQW LQ WKH 30(6 WHVWHG RU D OLPLWHG





7KH FKHPLFDO DQDO\VLV RI UHVLGXHV LQ HDUWKZRUPV H[SRVHG WR WKH 30(6 IRU 
GD\VVKRZHGWKDWWKHUHVLQDFLGQHXWUDOVDQGWRDOHVVHUH[WHQWWKHUHVLQDFLGVZHUH
WDNHQXSE\HDUWKZRUPVDQGDFFXPXODWHGWKRXJK%$)¶VZHUHFRQVLVWHQWO\ORZHU
WKDQ LQGLFDWLQJPXFKORZHU OHYHOVRI WKRVHH[WUDFWLYHV WKDQZHUHIRXQGLQ WKH
H[SRVXUHPDWHULDO,QILVKFRPSRXQGVVXFKDVUHVLQDFLGVDUHNQRZQWREHUDSLGO\
H[FUHWHG LQWR WKH ELOH YDQ GHQ +HXYHO DQG (OOLV  7KH DELOLW\ RI VRLO
LQYHUWHEUDWHV WR PHWDEROLVH UHVLQ DFLGV DQG UHVLQ DFLG QHXWUDOV KDV QRW EHHQ
H[SORUHG DOWKRXJK VRPH VWXGLHV KDYH VKRZQ WKDW WKH\ KDYH YDU\LQJ DELOLWLHV WR
PHWDEROLVH RWKHU NLQGV RI 3$+ FRPSRXQGV 6WURRPEHUJ HW DO  DQG WKDW

















UHVLGHQFH WLPH µDJHLQJ¶ LQ VRLO KDV EHHQ ZLGHO\ UHSRUWHG $OH[DQGHU 
+DW]LQJHU DQG $OH[DQGHU  1RUWKFRWW DQG -RQHV  DQG WKLV PD\ DOVR
DSSO\ IRU RUJDQLF FRPSRXQGV ZLWKLQ ZDVWH PDWHULDOV )RU H[DPSOH WKH
ELRDFFXPXODWLRQ RI WKH UHVLQ DFLG QHXWUDO ILFKWHOLWH ZDV PXFK JUHDWHU LQ
HDUWKZRUPVH[SRVHGWRWKH7%FRPSDUHGWRHDUWKZRUPVWKDWKDGEHHQH[SRVHGWR
WKH.$%ZKLFK FRQWDLQHG QHDUO\ WKUHH WLPHV WKH FRQFHQWUDWLRQ RI ILFKWHOLWH EXW
ZKLFK KDG EHHQ OHIW WR µDJH¶ IRU VHYHUDO \HDUV +RZHYHU UHWHQH KDG D VL[ IROG
JUHDWHU %$) LQ .$% FRPSDUHG ZLWK 7% HYHQ WKRXJK WKH GLIIHUHQFH LQ UHWHQH
FRQFHQWUDWLRQEHWZHHQWKHWZRELRVROLGVZDVVLPLODUWRWKHGLIIHUHQFHLQILFKWHOLWH
FRQFHQWUDWLRQEHWZHHQWKHWZRELRVROLGV7DEOH7KLVZRXOGVXJJHVWWKDWWKH
GLIIHUHQFHV LQ RUJDQLF FRPSRXQG ELRDYDLODELOLW\ EHWZHHQ 30(6 GR QRW YDU\
XQLIRUPO\ IRU DOO FRPSRXQGV 'LIIHUHQFHV EHWZHHQ ILFKWHOLWH DQG UHWHQH
ELRDFFXPXODWLRQ LQ HDUWKZRUPVPD\ DOVR EH FRPSOLFDWHG E\ GLIIHUHQWPRGHV RI
XSWDNH LH ILFKWHOLWH LVPRUHZDWHUVROXEOHDQGXSWDNHPD\EHSUHIHUHQWLDOO\YLD




DPRXQW RI ELRDYDLODEOH WR[LF FRQWDPLQDQWV WKDQ WKH WZR DJHG ELRVROLGV 7$%
.$%HYHQWKRXJKWKHWRWDODPRXQWRIH[WUDFWLYHVLVIDUJUHDWHULQWKH.$%%\
LQFUHDVLQJ WKH VROXELOLW\ RI FRQWDPLQDQWV LQ VROLGZDVWHV XVLQJ HWKDQRO WKH OHVV




H[SHULHQFHG E\ RUJDQLVPV LW GRHV LQGLFDWH WKDW WKHUH DUH WR[LF FRPSRQHQWV LQ





UHVXOW RI H[SRVXUH WR WKH 736 DQG ZDVKHG 736 WKH 7% DQG WKH .$% 
ELRVROLGV PXVW EH LQWHUSUHWHG FDUHIXOO\ $OWKRXJK WKH QHJDWLYH LPSDFWV RQ
UHSURGXFWLRQFRXOGEHDWWULEXWHGWRWR[LFLW\RIH[WUDFWLYHVSUHVHQWLQWKH7367%
DQG .$% WKH GUDPDWLF UHGXFWLRQ LQ IHFXQGLW\ IRU HQFK\WUDHLGV H[SRVHG WR WKH
ZDVKHG736VROLGVZKLFKZDVSK\VLFDOO\VLPLODUEXWZLWKRXWKLJKFRQFHQWUDWLRQV
RIUHVLQDFLGVRIWKHXQZDVKHG736VXJJHVWVWKDWVXSSUHVVLRQRIUHSURGXFWLRQZDV
YLDDPHFKDQLVPRWKHU WKDQ UHVLQ DFLGDVVRFLDWHG WR[LFLW\:DVKHG736H[WUDFWV
XVHGLQWKH0LFURWR[DVVD\DOVRH[KLELWHGDFXWHWR[LFLW\QRWDWWULEXWDEOHWRUHVLQ
DFLGFRQFHQWUDWLRQV7DEOH7KHUHLVIXUWKHUHYLGHQFHRIWKLVZKHUHH[SRVXUH
WR  .$% DOPRVW WRWDOO\ VXSSUHVVHG HQFK\WUDHLG UHSURGXFWLRQ ZKHUHDV
UHSURGXFWLRQLQWKHWUHDWPHQWZDVQRWVLJQLILFDQWO\OHVVWKDQWKH76/FRQWURO
)LJXUHGHVSLWH WKH IDFW WKDW WKHFDOFXODWHGFRQFHQWUDWLRQRI UHVLQDFLGVDQG
UHVLQ DFLG QHXWUDOV LQ WKH  WUHDWPHQWZRXOG VWLOO EHZHOO DERYH WKRVH LQ WKH
RWKHUWUHDWPHQWV

7KHUHZHUH REYLRXV GLIIHUHQFHV LQ WKH UHVSRQVHV RI WKH RUJDQLVPV WHVWHG LQ WKLV
VWXG\SDUWLFXODUO\ZKHUHWKHWZRVSHFLHVRILQYHUWHEUDWHVDUHFRQFHUQHG7KLVW\SH
RI SDWWHUQ KDV EHHQ REVHUYHG LQ LQYHVWLJDWLRQV ZLWK RWKHU RUJDQLF FRQWDPLQDQWV
6HPSOH HW DO  ZKHUH GLIIHULQJ UHVSRQVHV ZHUH REVHUYHG IRU GLIIHUHQW
RUJDQLVPV 7KLV OHQGV ZHLJKW WR WKH QHHG IRU DQ HFRV\VWHP DSSURDFK WR EHWWHU
XQGHUVWDQGHFRORJLFDOHIIHFWVRIVRLOFRQWDPLQDWLRQ%RJRPRORYHWDO7KH
YHU\QDWXUHRIELRDVVD\VLVDSSURSULDWHWRDQ\VWXG\GHVLJQHGWRSUREHWKHHIIHFWV




3UHYLRXV VWXGLHV KDYH VKRZQ WKDW DTXDWLF RUJDQLVPV DUH DGYHUVHO\ HIIHFWHG E\
UHVLQDFLGVDQGUHVLQDFLGQHXWUDOVDWDIHZJ//HSSDQHQDQG2LNDUL7KH
KRXU/& IRU VDOPRQLG ILVKHVKDVEHHQ UHSRUWHGDWDSSUR[LPDWHO\PJ/IRU
FRPPRQ UHVLQDFLGV5HSRUWHG VXEOHWKDO HIIHFWV LQ WURXW UDQJH IURP J/
IRU UHVLQ DFLGV DQG DOVR IRU UHWHQH /HSSDQHQ DQG2LNDUL  KRZHYHU WKHUH
GRHVQRWDSSHDUWREHFRUUHVSRQGLQJGHWULPHQWDOHIIHFWVRQVRLORUJDQLVPV7KHVH
FRPSRXQGVGRKDYHVRPHFDSDFLW\WRELRDFFXPXODWHLQHDUWKZRUPWLVVXHDOWKRXJK
30(6ZHUHQRWDFXWHO\ OHWKDO WRHLWKHUVRLO LQYHUWHEUDWHVRUSODQWVDQG LQPDQ\
FDVHV DSSHDU WR KDYH D VWLPXODWRU\ HIIHFW RQ JURZWK RI SODQWV HDUWKZRUP
UHSURGXFWLRQ DQG PLFURELDO UHVSLUDWLRQ 6RPH QHJDWLYH HIIHFWV GLG RFFXU ZLWK
HQFK\WUDHLGUHSURGXFWLRQ7KHVHHIIHFWVZHUHDPHOLRUDWHGLQWKH.$%PDWHULDOE\
GLOXWLRQZLWKDFOHDQVRLO7KHFRPSDUDWLYHO\ORZQXPEHURIMXYHQLOHHQFK\WUDHLGV
SURGXFHG LQ WKH 736 DQG ZDVKHG 736 WUHDWPHQWV LQGLFDWHG WKDW WKH WR[LFLW\
REVHUYHGFRXOGQRWEHDWWULEXWHG WR UHVLQDFLGQHXWUDOVDV WKHVHH[WUDFWLYHVZHUH
QRWSUHVHQW LQ WKHVH WUHDWPHQWV:DVKHG736DOVRKDGPRVWDYDLODEOHUHVLQDFLGV
UHPRYHGVXJJHVWLQJWKDWWR[LFLW\WRHQFK\WUDHLGVDQGDOVRWKH0LFURWR[EDFWHULD
LQWKLVWUHDWPHQWZHUHQRWGXHWRUHVLQDFLGV+RZHYHU736DQGZDVKHG736KDG
KLJK FRQFHQWUDWLRQV RI IDWW\ DFLGV ZKLFK KDYH EHHQ SUHYLRXVO\ UHSRUWHG WR
FRQWULEXWH WR SXOSPLOO HIIOXHQW WR[LFLW\ LQ ILVK /HDFK DQG7KDNRUH  7KH







RUJDQLVPV DOWKRXJK ELRDYDLODELOLW\ WR HDUWKZRUPV ZDV GHPRQVWUDWHG 2YHUDOO













6RLO FDUERQ IOX[HV DUH DQ LPSRUWDQW FRPSRQHQW RI WKH JOREDO FDUERQ F\FOHZLWK
UDWHVRILQSXWVDQGRXWSXWVGHWHUPLQLQJLIDVRLOLVDVLQNRUVRXUFHIRUDWPRVSKHULF




'HFRPSRVLWLRQ RI SODQW PDWHULDO DQG WKH IRUPDWLRQ RI KXPXVSURGXFLQJ VWDEOH
620LVDNH\HFRV\VWHPIXQFWLRQ7KLVSURFHVVLVFORVHO\DVVRFLDWHGZLWKQXWULHQW
WXUQRYHUDQGQXWULHQWDYDLODELOLW\SDUWLFXODUO\LQIRUHVWHGHFRV\VWHPV6ZLIWHWDO





VRLO TXDOLWLHV WKDW FDQ KDYH SURIRXQG LPSDFWV RQ SULPDU\ SURGXFWLYLW\ RYHU WKH
ORQJWHUP-HQNLQVRQHWDO)RUH[DPSOHDGHFUHDVHLQWKHGHFRPSRVLWLRQ
UDWH RI SODQW OLWWHU ZKHWKHU WKURXJK DQWKURSRJHQLF FDXVHV -RKQVRQ DQG +DOH
 RU QDWXUDO FDXVHV $OEHUV HW DO  FDQ UHVXOW LQ  UHGXFHG VRLO IHUWLOLW\
WKURXJK WKH LPPRELOLVDWLRQ RI QXWULHQWV LQ WKH OLWWHU OD\HU 0F(QURH DQG
+HOPLVDDUL  %DVH FDWLRQV UHPRYHG IURP WKH VRLO E\ SODQWV FDQ EH
LPPRELOLVHG LQSODQW OLWWHU LIGHFRPSRVLWLRQSURFHVVHV DUH LQKLELWHGDQG WKLV FDQ
UHVXOWLQGHFUHDVHVLQVRLOS+$OEHUVHWDO

2Q WKH RWKHU KDQG DQ LQFUHDVH LQ WKH GHFRPSRVLWLRQ UDWH FDQ DOVR QHJDWLYHO\
LPSDFWVRLOWKURXJKORVVRI620ZKLFKFDQOHDGWRGHFUHDVHGQXWULHQWDQGZDWHU
VWRUDJHFDSDFLW\3UHVFRWW7KHTXDQWLW\RIOLWWHULQSXWVGRHVQRWQHFHVVDULO\
GHWHUPLQH WKH TXDQWLW\RI620DV WKH DGGLWLRQ RIRUJDQLF VXEVWUDWHV WR VRLO FDQ
 
KDYHDSULPLQJHIIHFWRQWKHPLFURELDOFRPPXQLW\UHVXOWLQJLQWKHGHJUDGDWLRQRI




'HFRPSRVLWLRQRISODQW OLWWHU LVFRQWUROOHGE\DQXPEHURIIDFWRUV LQFOXGLQJ WKH
FDUERQ FRPSRVLWLRQ RI OLWWHU LQSXWV 6ZLIW HW DO  &RQGHQVHG FDUERQ
FRPSRXQGV VXFK DV OLJQLQ DQG WDQQLQV DUH LPSRUWDQW UHJXODWRUV RI IRUHVW OLWWHU
GHFRPSRVLWLRQ 9HVWHUGDO /LWWOH LVNQRZQDERXWKRZUHODWHGFRPSRXQGV
IRXQG LQ 30(6 PD\ LQIOXHQFH IRUHVW IORRU GHFRPSRVLWLRQ SURFHVVHV /LJQLQ LV
VHFRQGRQO\WRFHOOXORVHDVWKHPRVWDEXQGDQWSRO\PHULQQDWXUHDQGLWVLQWLPDWH
DVVRFLDWLRQ ZLWK FHOOXORVHKHPLFHOOXORVH SURYLGHV SURWHFWLRQ IURP HQ]\PDWLF
K\GURO\VLV RI SODQW PDWHULDO .LUN DQG )DUUHOO  /LJQLQ GHJUDGDWLRQ LV
FRQVLGHUHG WKH UDWHOLPLWLQJ VWHS LQ WKH WXUQRYHU RI FDUERQ LQ IRUHVW HFRV\VWHPV
3RLQWLQJ HW DO  7KH ZKLWH URW EDVLGLRP\FHWHV WKURXJK WKH VHFUHWLRQ RI
H[WUDFHOOXODUHQ]\PHVLVWKHRQO\JURXSRIRUJDQLVPVWKDWFDQFRPSOHWHO\GHJUDGH
OLJQRFHOOXORVLF SODQW PDWHULDOV 'HG\DQ HW DO  +LJKO\ DQG 'DVKHO 
7KHUHDUHWKUHHHQ]\PHV\VWHPVWKDWDUHLPSRUWDQWLQVSHFLHVFDSDEOHRIGHJUDGLQJ
OLJQLQ /\RQV HW DO  OLJQLQ SHUR[LGDVH /L3 PDQJDQHVH GHSHQGDQW
SHUR[LGDVH0Q3DQGODFFDVHZKLFKPHGLDWHOLJQLQGHJUDGDWLRQLQWKHVHVSHFLHV
*DOOR HW DO  'XH WR WKHLU EURDG VXEVWUDWH VSHFLILFLW\ WKHVH HQ]\PHV DUH
FDSDEOH RI GHJUDGLQJ D ZLGH UDQJH RI DURPDWLF FRPSRXQGV LQFOXGLQJ 3$+¶V
%DOGULDQ  /DQJ HW DO  0DMFKHUF]\N HW DO  &KDQJHV LQ WKH
H[SUHVVLRQRIWKHVHHQ]\PHV\VWHPVRUWKHGLYHUVLW\RIRUJDQLVPVSRVVHVVLQJWKHP
PD\ UHVXOW LQ IXQFWLRQDO FKDQJHV LQ OLWWHU GHFRPSRVLWLRQ DQG 620 IRUPDWLRQ
&DUUHLURHWDO

 3RWHQWLDO RI 3XOS 0LOO (IIOXHQW 6ROLGV WR $IIHFW 6RLO
3URFHVVHV
30(6 FRQWDLQPLQHUDO QXWULHQWV KDYH KLJK FRQFHQWUDWLRQV RI FDUERQ 
DQG WKH\ PD\ DOVR FRQWDLQ VLJQLILFDQW OLPH a 7KHUH LV SRWHQWLDO WR
EHQHILFLDOO\XVH30(6DVDPHQGPHQWV WR LPSURYHVRLOQXWULHQW DQG620VWDWXV
&KDQWLJQ\HWDO+HQU\DQG&ROH+RZHYHUWKHUHFRXOGEHQHJDWLYH
 
LPSDFWV RQ VRLO IXQFWLRQ WKDW VKRXOG EH LQYHVWLJDWHG EHIRUH ODUJHVFDOH ODQG
DSSOLFDWLRQ LV FRQVLGHUHG %RVWDQ HW DO  :KLOH 30(6 VXSSO\ QXWULHQW
HOHPHQWV DQG FDUERQ WKH KLJK &1 UDWLR RI VRPH VROLGV FRXOG OHDG WR QLWURJHQ
LPPRELOLVDWLRQ LQ WKH UHFHLYLQJ VRLO UHVXOWLQJ LQ SODQW SURGXFWLYLW\ ORVVHV
)HOGNLUFKQHU HW DO 5HVLGXDO DTXDWLF WR[LFLW\ IURPKLJK UHVLQ H[WUDFWLYHV
5( FRQFHQWUDWLRQV LQ 30(6 PD\ QHJDWLYHO\ LPSDFW WHUUHVWULDO FRPPXQLWLHV
7KHUH LVYHU\ OLWWOH LQIRUPDWLRQRQ WKH WR[LFLW\RI30(6 WR WHUUHVWULDORUJDQLVPV
%RVWDQ HW DO  7KHUH DUH KRZHYHU VWXGLHV WKDW LQGLFDWH SODQW VHFRQGDU\
FRPSRXQGV HIIHFW OLWWHU GHFRPSRVLWLRQ .DLQXODLQHQ DQG +RORSDLQHQ 
3DDYRODLQHQ HWDO  DQGPD\EH LPSRUWDQW UHJXODWRUVRIQXWULHQW F\FOLQJ LQ
IRUHVW HFRV\VWHPV +lWWHQVFKZLOHU DQG 9LWRXVHN  &RQLIHU VSHFLHV FRQWDLQ
VHFRQGDU\ FRPSRXQGV PDQ\ RI ZKLFK DUH WKRXJKW WR DFW DV GHIHQFHV DJDLQVW
LQVHFWDWWDFNDQGGHFD\RUJDQLVPV.DLQXODLQHQDQG+RORSDLQHQ3XOSPLOO
HIIOXHQW VROLGV GHULYHG IURP PLOOV WKDW XVH SUHGRPLQDQWO\ FRQLIHU IHHGVWRFN







ZLWK UHIHUHQFH WR WKHLU DSSOLFDWLRQ WR VRLO 7KH EHKDYLRXU RI VLQJOH RUJDQLVPV
XQGHU FRQWUROOHG ODERUDWRU\ FRQGLWLRQV ZKHQ H[SRVHG WR 30(6 SURYLGHV
LQIRUPDWLRQ RQ WKH W\SH RI HIIHFWV WKDW PLJKW EH REVHUYHG LQ WHUUHVWULDO
HQYLURQPHQWV UHFHLYLQJ 30(6 &KDUDFWHULVLQJ WKH FKHPLVWU\ RI 30(6 DQG
SDUWLFXODUO\KRZWKHFKHPLVWU\FKDQJHVLQWKHILHOGJLYHVVRPHLQGLFDWLRQVRIWKH
IDWHRISDUWLFXODUFRPSRXQGVLQWHUUHVWULDOV\VWHPV:KHUHVWXGLHVZLWKODERUDWRU\
ELRDVVD\V DQG FKHPLFDO FKDUDFWHULVDWLRQ KDYH GLIILFXOW\ LV LQ LQWHJUDWLQJ WKH
FRPSOH[LQWHUDFWLRQVRIELRWLFDQGDELRWLFYDULDEOHVIRXQGDWWKHHFRV\VWHPOHYHO
,WKDVEHHQZHOOGRFXPHQWHGWKDWVWXGLHVFRQGXFWHGDWWKHOHYHORIWKHRUJDQLVPRU
ORZHU LH FHOOXODU DQG ELRFKHPLFDO XQGHU FRQWUROOHG FRQGLWLRQV KDYH OLPLWHG
DELOLW\ WR SUHGLFW HIIHFWV REVHUYHG DW KLJKHU OHYHOV RI RUJDQLVDWLRQ VXFK DV WKH
FRPPXQLW\DQGHFRV\VWHP:ULJKWDQG:HOERXUQ/LNHZLVHLQYHVWLJDWLQJ
 
FKHPLFDO FKDUDFWHULVWLFV FDQ QRW RQ LWV RZQ LQIRUPXV RI WKH HIIHFWV WKDW 30(6
PLJKWKDYHZKHQDSSOLHGWRVRLO'HEXVDQG+XQG%LRDYDLODELOLW\DFWLYLW\
DQGUHVSRQVHVRIRUJDQLVPVWRFKHPLFDOVDUHVXEMHFWWRPDQ\YDULDEOHVZKLFKDUH
HLWKHU QRW SUDFWLFDO WR PHDVXUH QRW SRVVLEOH WR PHDVXUH RU ERWK (PSLULFDO
NQRZOHGJH JDLQHG IURP HFRV\VWHP VWXGLHV SURYLGHV DGGLWLRQDO LQIRUPDWLRQ WKDW
FDQ QRW EH REWDLQHG IURP FKHPLFDO DQDO\VLV $ IXOO LQYHQWRU\ RI WKH RUJDQLF
FRPSRXQGV SUHVHQW LQ 30(6 LV GLIILFXOW DV WKHUH DUH WKRXVDQGV RI FRPSRXQGV
LQFOXGLQJPDQ\WKDWDUHXQLGHQWLILHG+HZLWWHWDO,WLVVWLOOXQFOHDUZKLFK
FRPSRXQGV DUH UHVSRQVLEOH IRU WKHPDQ\ DQGYDULHG HIIHFWV REVHUYHG LQ DTXDWLF
RUJDQLVPVH[SRVHGWRSXOSPLOOZDVWHVDQGKRZGLIIHUHQWFRPSRXQGVPD\LQWHUDFW
WR DIIHFW RUJDQLVPV LQ QDWXUDO HQYLURQPHQWV 0F0DVWHU HW DO  :KLOH
ODERUDWRU\ LQYHVWLJDWLRQV DQG FKHPLFDO FKDUDFWHULVDWLRQ PD\ JLYH XVHIXO
LQGLFDWLRQV RI KRZ 30(6 ZLOO EHKDYH LQ WHUUHVWULDO HFRV\VWHPV WKHVH PXVW EH
VHHQDVSUHOLPLQDU\ LQYHVWLJDWLRQV WKDW LQGLFDWHZKHUH IXUWKHU UHVHDUFKPLJKWEH
GLUHFWHG 8OWLPDWHO\ WKLV UHVHDUFK VKRXOG VHHN WR LQYHVWLJDWH HIIHFWV DW WKH














620ZLWK WLPH OHDGLQJ WRDGHFOLQH LQTXDOLWLHVVXFKDVVRLO VWUXFWXUHPRLVWXUH





7R WHVW WKHVH K\SRWKHVHV VRLO &2 IOX[HV 30(6PDVV ORVVHV DQG QHHGOH OLWWHU




6RLO &2 IOX[HV JLYH DQ LQGLFDWLRQ RI QHW EHORZJURXQG UHVSLUDWRU\ DFWLYLW\ DQG
KDYHEHHQVKRZQWRGHFOLQHGXHWRWKHSUHVHQFHRIWR[LFPDWHULDOV%DDWK
6RLO UHVSLUDWLRQZDVPHDVXUHG LQ WZRZD\V 7KH UHVSLUDWLRQ IURP VRLO EHORZ




HVWLPDWHG ORVVHV RI FDUERQ IURP WKHVH WZRPHWKRGVZHUH FRPSDUHG LQ RUGHU WR




HFRV\VWHPV -RKQVRQ DQG +DOH  DQG D GHFOLQH LQ VRLO UHVSLUDWLRQ ZDV
DVVRFLDWHGZLWK GHFOLQHV LQ VXEVWUDWH GHFRPSRVLWLRQ *LOOHU HW DO 1HHGOH
OLWWHUGHFD\LQ30(6WUHDWPHQWVZDVFRPSDUHGWRGHFD\RIQHHGOHOLWWHULQFRQWURO
SORWVWKDWKDGQRWUHFHLYHG30(67KHOLJQRFHOOXORVHUDWLRRIWZROLWWHUWUHDWPHQWV
ZDVDOVRPHDVXUHGDIWHU WZHOYHPRQWKVGHFRPSRVLWLRQDVGHFUHDVHV LQ WKLVUDWLR
KDYHEHHQFRUUHODWHGZLWKGHFRPSRVLWLRQRIOHDIOLWWHU2VRQRDQG7DNHGD

(Q]\PH DFWLYLWLHV RI PLFURRUJDQLVPV PD\ SURYLGH LQIRUPDWLRQ DERXW GLIIHUHQW
PHWDEROLFVWUDWHJLHVRUSDWKZD\V WRZKLFKJURVVFDUERQ WXUQRYHUVWXGLHVPD\EH
LQVHQVLWLYH &KDQWLJQ\ HW DO  6SHLU  &KDQJHV LQ KHWHURWURSKLF
FRPPXQLW\ VWUXFWXUH GXH WR 30(6 DSSOLFDWLRQV PD\ FKDQJH GHFRPSRVLWLRQ
SDWKZD\VZKLFK RYHU ORQJ SHULRGVPD\ UHVXOW LQ FKDQJHV LQ VRLO FDUERQ SRROV
&KDQJHV LQ HQ]\PH DFWLYLWLHV PD\ EH DQ HDUO\ LQGLFDWLRQ RI IXWXUH FKDQJHV LQ
FDUERQSRROV 6LQVDEDXJK HW DO  ,Q WKLV VWXG\ WKH DFWLYLW\RI H[WUDFHOOXODU
 
HQ]\PHVLQYROYHGLQGHJUDGDWLRQRIOLJQLQZDVLQYHVWLJDWHGDVOLJQLQGHJUDGDWLRQ
LV DQ LPSRUWDQW UHJXODWRU RI GHFRPSRVLWLRQ LQ IRUHVW HFRV\VWHPV %HUJ 
&ULTXHWD HWDO/HRQRZLF] HWDODQG30(6DOVRFRQWDLQVLJQLILFDQW






KRZ 30(6 PLJKW LQIOXHQFH VRLO SURFHVVHV LQ WKH ORQJWHUP &KHPLFDO
IUDFWLRQDWLRQ RI 30(6 XVLQJ WKH$')PHWKRG RI5RZODQG DQG5REHUWV 
ZDV XVHG WR FKDUDFWHULVH FDUERQ SRROV LQ 30(67KLVPHWKRG KDV EHHQ XVHG WR
GHWHUPLQH OLJQLQDQGFHOOXORVHSURSRUWLRQV FHOOXORVHFHOOXORVH OLJQLQ LQ OLWWHU
GHFRPSRVLWLRQ VWXGLHV *DQMHJXQWH HW DO  2VRQR DQG 7DNHGD 
6DUL\LOGL]$VSODQWOLWWHUGHFD\VWKHUDWLRRIFHOOXORVHWROLJQLQGHFOLQHVDV
WKH FHOOXORVH IUDFWLRQ LV SUHIHUHQWLDOO\ XWLOLVHG %HUJ   2YHU WZR \HDUV
FKDQJHV LQ WKHVH FDUERQ SRROV ZHUH WUDFNHG WR SURYLGH LQIRUPDWLRQ UHJDUGLQJ
GHFRPSRVLWLRQSURFHVVHVDQGGLIIHUHQFHVEHWZHHQGLIIHUHQW30(6

0LFURELDO UHVSLUDWLRQ PLFURELDO ELRPDVV DQG VRLO FDUERQ ZHUH DOVR PHDVXUHG
5DWLRVRIUHVSLUDWRU\&2SURGXFWLRQSHUXQLWELRPDVVRUELRPDVVSHUXQLWFDUERQ
KDYH EHHQ XVHG WR HVWLPDWH WKH HIILFLHQF\ ZLWK ZKLFK D FRPPXQLW\ UHVSLUHV
FDUERQ 7KLV KDV EHHQ XVHG LQ VWXGLHV VXFK DV LQYHVWLJDWLRQ RI KHDY\ PHWDO
FRQWDPLQDWLRQ RI VRLOV *LOOHU HW DO  DQG WR FKDUDFWHULVH WKH XWLOLVDWLRQ
HIILFLHQF\ RI SODQW GHULYHG FDUERQ LQ VRLO FKURQRVHTXHQFHV :DUGOH DQG *KDQL









ILHOG WULDOZDVPRQLWRUHGRYHU DSHULRGRI WZR DQG D KDOI \HDUV LQFOXGLQJ WKUHH




$ZLGH YDULHW\ RI VDPSOLQJ WHFKQLTXHV ZDV XVHG WR JDWKHU ILHOG GDWD PDQ\ RI









GHWHUJHQW ILEUH 30(6   QHHGOH OLWWHU PDVV ORVV  ± QHHGOH OLWWHU DFLG
GHWHUJHQWILEUH
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             

5HVSLUDWLRQ
6KRUW OHQJWKV RI 39& SLSH  FP GLDPHWHU ZHUH LQVHUWHG LQWR ILHOG SORWV
FRQWDLQLQJ30(6DQGXVHGDVSHUPDQHQW VRLO UHVSLUDWLRQFRUHV IURPZKLFK&2
IOX[ZDVPHDVXUHG$W WKH WLPH RI ILHOG DSSOLFDWLRQ D UHSUHVHQWDWLYH VDPSOH RI
DSSUR[LPDWHO\  NJ RI HDFK 30(6 ZDV WDNHQ EDFN WR WKH ODERUDWRU\ ZKHUH
PRLVWXUH FRQWHQW ZDV GHWHUPLQHG R& RYHUQLJKW )LHOG PRLVW VDPSOHV
HTXLYDOHQWWRDSSUR[LPDWHO\JGU\ZHLJKWZHUHZHLJKHGLQWR]LSORFNEDJV
 
HTXLYDOHQW WR WKH ILHOG DSSOLFDWLRQ UDWH RI  WRQQHV SHU KHFWDUH GU\ ZHLJKWV
UDQJHGIURP±J2QWKHWK$XJXVWGD\RIWKHILHOGWULDO WKH
FRQWHQWVRI WKHVHEDJVZHUHSODFHG LQWR WKH39&SLSHV WKDWKDGEHHQ LQVHUWHG LQ
WKH ILHOG SORWV )LJXUH  (DFK ILHOG SORW FRQWDLQHG ILYH RI WKHVH UHVSLUDWLRQ
FRUHVPDNLQJDWRWDORIFRUHVSHUWUHDWPHQW$VWKHEXONGHQVLW\RIWKH30(6
GLIIHUHGEHWZHHQ WUHDWPHQWV WKH OHQJWKRI WKH39&SLSHZDVGHWHUPLQHGE\ WKH
EXON GHQVLW\ RIPDWHULDO WR EH SODFHG LQ LW 39&SLSHV UDQJHG IURP  FP LQ
OHQJWK)LEUHJODVVPHVKPPFXWLQWRFPGLVFVZHUHSODFHGDERYHDQGEHORZ
WKH 30(6 WR VHSDUDWH WKHP IURPPDWHULDO RXWVLGH WKH FRUHV RYHU WKH SHULRG RI
LQFXEDWLRQ 7KH EDVH RI WKH 39& SLSH ZDV DSSUR[LPDWHO\  FP EHORZ WKH VRLO
VXUIDFH&RQWUROSORWVDOVRKDG39&SLSHLQVHUWHGWRDGHSWKRIFPVRWKDW&2
IOX[HV FRXOG EH PHDVXUHG LQ WKHVH SORWV 39& SLSH KHLJKWV ZHUH DGMXVWHG E\
WDSSLQJGRZQZLWKDZRRGHQPDOOHWVRWKDWWKHUHZDVFPSURWUXGLQJDERYHWKH
VXUIDFHRIWKH30(6RUVRLO7KLVZDVWKHRIIVHW)LJXUHDQGZDVHQWHUHGDV




















QHHGOH OLWWHU WKDW KDG DFFXPXODWHG DERYH ZDV GHWHUPLQHG EHIRUH GU\LQJ 0DVV
ORVVHV ZHUH GHWHUPLQHG E\ GU\LQJ WRWDO H[FHSW 'HFHPEHU  30(6 WR D
FRQVWDQWZHLJKW DW R& ,Q'HFHPEHU  D VXEVDPSOHZDV RYHQ GULHG IRU















0HDVXUHPHQWV ZHUH PDGH DIWHU QHHGOH OLWWHU ZKLFK DFFXPXODWHG EHWZHHQ
PHDVXUHPHQWVZDVFXWIURPDURXQGWKH39&SLSHWRDOORZWKHVXUYH\FKDPEHUWR
IRUP DQ DLUWLJKW VHDO ZLWK WKH UHVSLUDWLRQ FRUH 1HHGOH OLWWHU ZDV DOORZHG WR
DFFXPXODWHRQWRSRIWKHUHVSLUDWLRQFRUHVRYHUWKHPRQWKVWKDWPHDVXUHPHQWV
ZHUHPDGH7KH VXUYH\ FKDPEHUZDV FORVHG IRU  VHFRQGV LQZKLFK WLPH&2
FRQFHQWUDWLRQZDV ORJJHGHYHU\VHFRQG$VHFRQGGHDGEDQGDOORZHG&2 WR
VWDELOLVH LQVLGH WKH FKDPEHU LPPHGLDWHO\ DIWHU WKH FKDPEHU FORVHG7KHGDWD IRU
WKH VHFRQGV WKDW IROORZHGZDVXVHGE\ WKHRQERDUG VRIWZDUH WR FDOFXODWH WKH
&2IOX[E\ILWWLQJDQH[SRQHQWLDOFXUYHWRWKHSORWWHGGDWDZLWKRXWSXWSUHVHQWHG
DVµPROV&2PVHF%HWZHHQPHDVXUHPHQWVWKHVXUYH\FKDPEHUZDVEORZQRXW
ZLWK D KDQG KHOG HOHFWULF IDQ WR HQVXUH WKDW WKH FKDPEHU &2 FRQFHQWUDWLRQ
UHWXUQHG WR WKH DPELHQW FRQFHQWUDWLRQ 0HDVXUHPHQWV ZHUH PDGH EHWZHHQ PLG
PRUQLQJ DQG PLGODWH DIWHUQRRQ DOWKRXJK GLXUQDO PHDVXUHPHQWV LQGLFDWHG WKHUH
ZDV YHU\ OLWWOH GLXUQDO YDULDWLRQ GDWD QRW VKRZQ 6RLO WHPSHUDWXUH DW    FP
GHSWK ZDV ORJJHG HYHU\ VHFRQG DV ZDV DLU WHPSHUDWXUH LQVLGH WKH FKDPEHU




'DWDZHUH GRZQORDGHG DQG DVVHVVHG XVLQJ WKH /, ILOH YLHZHU SURJUDPPH





$IWHU WKH WKLUG GHVWUXFWLYH VDPSOLQJ IRU PDVV ORVV GHWHUPLQDWLRQ RI UHVSLUDWLRQ
FRUHV LQ$XJXVWDQG WKHUHDIWHU IRUHDFKGHVWUXFWLYHVDPSOLQJDQHZ39&
SLSHZDVLQVHUWHGLQWRHDFKSORWVRWKDWWKUHHUHVSLUDWLRQFRUHVUHPDLQHGIRU&2




WLPH 7KLVZDV GXH WR WKH WLPH FRQVWUDLQWV LQYROYHG LQPHDVXULQJ DOO WKH FRUHV
SDUWLFXODUO\ LQ ZLQWHU ZKHQ GD\OLJKW KRXUV ZHUH VKRUW DQG RWKHU VDPSOLQJ
SURFHGXUHVZHUHUHTXLUHG39&SLSHVWKDWZHUHUHLQVHUWHGZHUHQRWUHILOOHGZLWKD
NQRZQZHLJKWRI30(6UDWKHU WKH\ZHUHLQVHUWHGGLUHFWO\LQWRVROLGVDOUHDG\LQ





,QRUGHU WRFRQVWUXFW DFDUERQEXGJHW IRU30(6 LWZDVQHFHVVDU\ WRDFFRXQW IRU
VRXUFHV RI &20DQ\ LQYHVWLJDWRUV KDYH HQGHDYRXUHG WR DSSRUWLRQ &2 IOX[HV
LQWRGLIIHUHQW FRPSRQHQWV VXFK DV URRW UHVSLUDWLRQ KHWHURWURSKLF UHVSLUDWLRQ DQG
DOVR E\ VRLO KRUL]RQ %RXPD DQG%U\OD &HUWLQL HW DO 7DQHYD HW DO
 7R GDWH WKHUH KDV EHHQ OLPLWHG VXFFHVV LQ VHSDUDWLQJ WKH YDULRXV
FRPSRQHQWVWKDWFRQWULEXWHWRUHVSLUDWLRQDQGWKHUHVWLOOUHPDLQVPXFKXQFHUWDLQW\





&2 IOX[HVZHUHDOVRPHDVXUHG IURP WKHVRLO DIWHU WKHFRUHVKDGEHHQ UHPRYHG





DQG WKHFRQWURO WUHDWPHQWVZHUHGXH WR&2SURGXFHGIURP30(67KHQHW&2

















OLWWHUIDOO ZDV FROOHFWHG ,Q WKH ODERUDWRU\ QHHGOHV ZHUH PL[HG E\ KDQG DQG
SODFHG LQ D ODUJH SODVWLF EDJ ZKHUH WKH\ ZHUH OHIW IRU WZR GD\V VR WKDW QHHGOH
PRLVWXUHFRXOGHTXLOLEUDWHWKURXJKRXWWKHEDJ0RLVWXUHFRQWHQWRIOLWWHUPDWHULDO
ZDV GHWHUPLQHG R& RYHUQLJKW IURP VHYHUDO VDPSOHV WKURXJKRXW WKH EDJ
$SSUR[LPDWHO\JGZRIQHHGOHVPRLVWXUHZZZHUHZHLJKHGLQWR
FP ILEUHJODVVPHVKPPEDJV$SODVWLF LGHQWLI\LQJ WDJZDV LQVHUWHG LQWR
HDFKEDJEHIRUH LWZDV VHDOHG7KHUHZHUH OLWWHUEDJV IRUHDFK WUHDWPHQW IRXU










7ZHOYH PRQWKV ODWHU DOO OLWWHU EDJV ZHUH UHPRYHG IRU DQDO\VLV HDFK EDJ ZDV
VHDOHG LQVLGH D SODVWLF EDJ DQG SODFHG RQ LFH EHIRUH WUDQVSRUWLQJ WR ODERUDWRU\
ZKHUHWKH\ZHUHVWRUHGDW&XQWLODQDO\VLV7UHDWPHQWVZHUHVHSDUDWHGLQWRWKH
30(6VRLO FRQWURO WUHDWPHQWV DQG WKHQ HDFKRI WKHVH IXUWKHUGLYLGHG LQWREXULHG
DQGVXUIDFHDSSOLHGWUHDWPHQWV/LWWHUZDVUHPRYHGIURPWKHOLWWHUEDJVDQGSODFHG





)LJXUH1HHGOH OLWWHUEDJVZHUHSODFHG LQ WKHEXULHG OLWWHU OD\HUE\ LQVHUWLQJD





30(6 DQG QHHGOH OLWWHU ZHUH DQDO\VHG IRU GLIIHUHQW FDUERQ IUDFWLRQV XVLQJ WKH
DFLGGHWHUJHQWILEUHPHWKRGRI5RZODQGDQG5REHUWV7KLVLVDVHTXHQWLDO
H[WUDFWLRQGHYHORSHGWRIUDFWLRQDWHFHOOXORVHDQGOLJQLQFRPSRQHQWVRISODQWOLWWHU
LQ GHFRPSRVLWLRQ VWXGLHV 5RZODQG DQG 5REHUWV  6XUIDFH DSSOLHG QHHGOH
OLWWHUIURPWKHFRQWURODQGRQHELRVROLGWUHDWPHQW7%ZHUHDQDO\VHGLQLWLDOO\DQG
DIWHUPRQWKVLQFXEDWLRQ$')DQDO\VLVZDVDOVRFDUULHGRXWRQ30(6DWILYH
WLPH SRLQWV RYHU WZR \HDUV /DQGFDUH 5HVHDUFK¶V (QYLURQPHQWDO &KHPLVWU\
ODERUDWRU\DW3DOPHUVWRQ1RUWKFRQGXFWHGDOODQDO\VHV

%ULHIO\ ILQHO\ JURXQG RYHQ GULHG VDPSOHV RI DSSUR[LPDWHO\ J : ZHUH
H[WUDFWHG LQ &HW\O 7ULPHWK\O $PPRQLXP %URPLGH &7$%+62 OHDYLQJ
EHKLQGDFLGGHWHUJHQWILEUHRIZKLFKGU\ZHLJKW:ZDVGHWHUPLQHG7KHDFLG
GHWHUJHQW ILEUH ZDV WKHQ H[WUDFWHG ZLWK  ZY +62 DQG GU\ ZHLJKW RI










HTXDWH WR ZHDN DFLGGHWHUJHQW VROXEOH FDUERQ ZHDN DFLGGHWHUJHQW LQVROXEOH






7KH UDWLR RI DFLG GHWHUJHQW ILEUH DFLG VROXEOH ILEUH  DFLG GHWHUJHQW ILEUHZDV
XVHGWRLQYHVWLJDWHGHFRPSRVLWLRQLQQHHGOHOLWWHUDQG30(6DVWKLVUDWLRKDVEHHQ
 
VKRZQ WR GHFUHDVH DV GHFRPSRVLWLRQ RI SODQW PDWHULDO SURFHHGV 2VRQR DQG





7KH  ±$]LQRELV(WK\OEHQ]WKLD]ROLQ VXOIRQLF DFLG $%76 WHVW KDV EHHQ
ZLGHO\ XVHG DV DQ LQGLFDWLRQ RI ODFFDVH HQ]\PH DFWLYLW\ WKRXJK LW KDV EHHQ
UHDOLVHGWKDWSHUR[LGDVHVDUHDOVRFDSDEOHRIR[LGLVLQJ$%760D\HUDQG6WDSOHV






KRUL]RQ KXPXV IURP FRQWURO SORWV DQG EHQHDWK 30(6 )+ KRUL]RQ DQG VRLO
IURPFPLQWKH$KKRUL]RQRIDOOSORWVZHUHFROOHFWHGIRUDQDO\VLVRIHQ]\PH
DFWLYLW\$OO VDPSOHVZHUH FROOHFWHGZHDULQJ ODWH[ JORYHVZLWK JORYHV UHSODFHG




IURP WKRVH VDPSOHV WKDWZHUH IUR]HQ 736 DQG VXUIDFH QHHGOH OLWWHU / KRUL]RQ




RQH PO VXEVDPSOHV ZHUH SODFHG LQ  PO (SSHQGRUI WXEHV DQG VSXQ GRZQ DW
USPLQDEHQFKWRSFHQWULIXJHIRUILYHPLQXWHV7XEHVZHUHWKHQSODFHGRQ
LFH XQWLO DQDO\VHG (Q]\PH DFWLYLW\ RI WKH VXSHUQDWDQW ZDV GHWHUPLQHG E\

















7KH HQ]\PH DFWLYLW\ LV JLYHQ LQ XQLWV RUPLOOLXQLWV 8 RUP8 RQH XQLW EHLQJ
HTXLYDOHQW WR WKHHQ]\PHTXDQWLW\ WKDWFDQR[LGLVHRQHµPRORIVXEVWUDWH LQRQH
PLQXWH$FWLYLW\ZDVWKHQFRUUHFWHGWRDGU\ZHLJKWEDVLV$SRVLWLYHFRQWUROZDV
LQFOXGHGHDFKWLPHDVVD\VZHUHFRQGXFWHGXVLQJODFFDVHH[WUDFWHGIURP7UDPHWHV
YHUVLFRORU 7KLV ODFFDVH H[WUDFWZDV DOVR VSLNHG LQWR ILHOG VDPSOHV WR GHWHUPLQH
WKDWWKHILHOGVDPSOHFRXOGVXSSRUWDFWLYHHQ]\PH















30(6 WRWDO RUJDQLF FDUERQ 72& DQG WRWDO QLWURJHQ 71ZHUH GHWHUPLQHG RQ
EXONHG VDPSOHV FROOHFWHGDW VL[PRQWKO\ LQWHUYDOV IURPHDFK UHSOLFDWH ILHOGSORW
72& DQG 71 ZHUH GHWHUPLQHG E\ GU\ FRPEXVWLRQ LQ D /(&2  7UX6SHF &1
DQDO\VHU/(&2&RUSRUDWLRQ6W-RVHSK0,86$30(6FRQWDLQOLPHVRRUJDQLF
PDWWHU 20DQGFDUERQDWH FDUERQ &&ZHUHGHWHUPLQHGE\ ORVVRQ LJQLWLRQDW






RI WKH FRQWURO VXUIDFH VRLO 0LFURELDO ELRPDVV ZDV GHWHUPLQHG XVLQJ WKH
FKORURIRUPH[WUDFWLRQPHWKRG6SDUOLQJ





PP PHVK VLHYH ZKLOH 736 ZHUH KDQG PL[HG WR REWDLQ D PRUH KRPRJHQRXV
VDPSOH2QHRIWZRJGU\ZHLJKWGZVDPSOHVIURPHDFKRIWKHIRXUUHSOLFDWH





XVHG WR H[WUDFW RUJDQLF FDUERQ IURPERWK IXPLJDWHG DQGQRQIXPLJDWHG VDPSOHV
RQ DQ HQGRYHUHQG VKDNHU EHIRUH ILOWHULQJ WKURXJK:KDWPDQ QXPEHU  SDSHU
ILOWHUV([WUDFWVZHUHIUR]HQXQWLO72&ZDVGHWHUPLQHGRQD72&DQDO\VHU/(&2







$QDO\VLV RI YDULDQFH $129$ ZDV XVHG WR GHWHUPLQH WUHDWPHQWUHODWHG
GLIIHUHQFHVLQ&2IOX[HVDQGPDVVORVVHVRI30(6DQGQHHGOHOLWWHU:KHUHWKH
$129$ ZDV VLJQLILFDQW 7XNH\V SRVW KRF WHVW ZDV XVHG WR GHWHUPLQH ZKLFK
WUHDWPHQWV ZHUH VLJQLILFDQWO\ GLIIHUHQW 7KH FKDQJH LQ 72& DQG 71 ZHUH
FDOFXODWHG IURP OLQHDU UHJUHVVLRQ RI PHDVXUHPHQWV PDGH IURP ILHOG VDPSOHV











VSULQJ RI  GD\V  ±  )LJXUH  KRZHYHU IOX[HV IURP WKH 30(6
WUHDWPHQWV LQFUHDVHG E\ D JUHDWHU DPRXQW WKDQ WKH FRQWURO VRLO WUHDWPHQW &2
IOX[HV ZHUH QRW PHDVXUHG EHWZHHQ WKH WK RI 1RYHPEHU  DQG WKH WK RI
$SULOGD\V±DQGIRU WKLVUHDVRQLWZDVQRWSRVVLEOH WRDVVHVV WKH
IXOOH[WHQWRIDFWLYLW\LQWKHILUVWVXPPHUDIWHUILHOGDSSOLFDWLRQUHIHUWR7DEOH
IRUIOX[PHDVXUHPHQWGDWHVDQGGD\QXPEHUV,Q1RYHPEHUGD\736
7$% DQG .$% WUHDWPHQWV KDG KLJK UHVSLUDWRU\ DFWLYLW\ ZKLFK GHFOLQHG















WKH ILUVW1RYHPEHU7367$%DQG.$%SORWV KDGD UHODWLYHO\FRQVWDQW OHYHORI
DFWLYLW\RYHUWKHIROORZLQJPRQWKVDSDUWIURPORZVDWGD\VDQG7KH
VXPPHUWLPHPHDQ IOX[HV IURP WKHVH WUHDWPHQWV GHFOLQHG IURP\HDU WZR WR \HDU
WKUHHGDWDQRWVKRZQLQGLFDWLQJDGHFOLQHLQWKHGHFD\UDWHRI30(6)LJXUH
7DEOH)OX[HV LQ WKH WKLUG6HSWHPEHU±1RYHPEHUSHULRGZHUHVLJQLILFDQWO\
SORZHUWKDQLQWKHILUVW6HSWHPEHU±1RYHPEHUSHULRGIRU7367$%DQG
.$%ZLWKQRVLJQLILFDQWGLIIHUHQFHVS LQWKHFRQWUROVRLOIOX[HVRYHUWKHVH
































7DEOH  6HSWHPEHU 1RYHPEHUPHDQ IOX[HV IRU WKUHH \HDUV'LIIHUHQW OHWWHUV
LQGLFDWH VLJQLILFDQW GLIIHUHQFH S EHWZHHQ VXPPHUWLPH PHDQV ZLWKLQ D
WUHDWPHQW6HH)LJXUHIRUWLPHSHULRGVDVVHVVHG
7UHDWPHQW   
736 D E E
7% D D D
7$% D E F
.$% D E E




GLIIHUHQFHV S   LQ GHFRPSRVLWLRQ UDWHV EHWZHHQ WUHDWPHQWV )LJXUH 
7KH HIIOXHQW SULPDU\ VROLG 736 GHFRPSRVHG VLJQLILFDQWO\ IDVWHU WKDQ WKH
ELRVROLGVZKLFKZHUHDOOVHFRQGDU\WUHDWHGSXOSPLOOHIIOXHQWV736ORVWRI
LWV RULJLQDO PDVV RYHU  PRQWKV ZKLOH WKH ELRVROLGV 7% 7$% DQG .$% ORVW





7KH 7% FRUHV KDG RQ DYHUDJH JDLQHG WZR JUDPV DSSUR[LPDWHO\  ZKHQ

















FRUH VKRZHG YHU\ OLWWOH GLXUQDO YDULDWLRQ LQ&2 IOX[HV GDWD QRW VKRZQ0HDQ
GD\WLPH IOX[HVZHUHEHWZHHQDQGJUHDWHU WKDQPHDQQLJKWWLPH IOX[HV


























WKUHHRI WKH IRXU30(6 )LJXUH  )RU WKHSHULRG'HFHPEHU1RYHPEHU
 'D\V  &2  & ORVV DQGPDVV ORVV FRXOG EH FRPSDUHG DV WKHUH
ZHUH UHJXODU DVVHVVPHQWV RI WKH &2 IOX[HV DOORZLQJ D JRRG HVWLPDWH RI WRWDO
FDUERQ ORVVHV DV &2 )LJXUH  7KH ORVV RI FDUERQ IURP HDFK 30(6 ZDV
GHWHUPLQHGIURPWKHQHW&2IOX[HVWRWDO&2IOX[IURP30(6PLQXV&2IOX[
IURP FRQWURO VRLO EHWZHHQ GD\V  DQG  )LJXUH  7KH PDVV ORVV RI
FDUERQLQHDFKWUHDWPHQWJUDPVUHVSLUDWLRQFRUHZDVFDOFXODWHGIURPUHVSLUDWLRQ
FRUHVFROOHFWHGDWGD\'HFHPEHU7KHPDVVRIFDUERQLQHDFKFRUHZDV
FDOFXODWHG DV WKH SURGXFW RI 30(6 PDVV DQG WKH 72& 6HFWLRQ 
(VWLPDWHGQHW&2FDUERQORVVHVZHUHSORWWHGRQWKHVDPHD[HVDVFDUERQORVVHV
HVWLPDWHG IURP PHDVXUHG PDVV ORVVHV )LJXUH  RYHU WKH SHULRG IURP
'HFHPEHU  WR1RYHPEHU 7KH QHW ORVV RI &2 FDUERQ WRWDO &2 ± &
IURP 30(6 PLQXV FRQWURO VRLO &2  & IURP 30(6 WUHDWPHQWV ZDV

































PDVV ORVVZDV VLJQLILFDQWO\ JUHDWHU S  WKDQ FXPXODWLYH&2 ORVV IRU7$%
)LJXUH7KH7$%ZDVWKHRQO\30(6WUHDWPHQWZKHUHHVWLPDWHG&2FDUERQ





IRU WKHSHULRG'HFHPEHU1RYHPEHU1HW&2 & ORVW IURP30(6ZDV








































1HHGOH OLWWHU UHPRYHG IURP OLWWHUEDJV DIWHU PRQWKV RI ILHOG LQFXEDWLRQ KDG D
PHDQGU\ZHLJKW ORVVRI)LJXUH7KHPDVVORVVRIQHHGOHOLWWHUUDQJHG











































$')DQDO\VLVZDVFRQGXFWHGRQVXUIDFHDSSOLHGQHHGOH OLWWHU IRU WKHFRQWURODQG
7%WUHDWPHQWVDQGDOVRRQVDPSOHVRIQHHGOHOLWWHUSULRUWRILHOGLQFXEDWLRQ7KH
FKDQJH LQ WKH OLJQRFHOOXORVH UDWLR FHOOXORVHFHOOXORVH  OLJQLQ VKRZHG WKDW
QHHGOHV KDG ORVW D VLJQLILFDQWO\ JUHDWHU SURSRUWLRQ S   RI FHOOXORVH WKDQ
OLJQLQ GXULQJ WKH ILUVW  PRQWKV EXW WKHUH ZDV QR GLIIHUHQFH S    LQ WKH















































3UHOLPLQDU\ PHDVXUHPHQWV LQ KXPXV FROOHFWHG IURP WKH )+ KRUL]RQ LQ VSULQJ
 VKRZHG WUHDWPHQWUHODWHG GLIIHUHQFHV LQ HQ]\PH DFWLYLW\ )LJXUH 
7KHVH VDPSOHV ZHUH FROOHFWHG IURP WKH VDPH KRUL]RQ ZKHUH EXULHG QHHGOH
OLWWHUEDJVZHUHSODFHG$FWLYLW\ZDVREVHUYHGLQDOOWUHDWPHQWVEXWWKHFRQWUROVRLO
)+KRUL]RQ KDG KLJKHU DFWLYLW\ WKDQ WKH VDPH KRUL]RQV EHQHDWK 30(6$VVD\V
FRQGXFWHG DW WKH VDPH WLPH VKRZHG WKDW30(6KDGQR HQ]\PH DFWLYLW\$V WKH
DVVD\VZHUH FRQGXFWHG RQPDWHULDO WKDW KDG EHHQ IUR]HQ IRU VHYHUDO ZHHNV DQG
ODWHU DVVD\V LQGLFDWHG WKDW IUHH]LQJ LQFUHDVHG DFWLYLW\ FRPSDUHG WR WKDW RI IUHVK

















KXPXV FROOHFWHG IURP WKH )+ KRUL]RQ VKRZLQJ $%76 DFWLYLW\ HUURU EDUV DUH
VWDQGDUGHUURU

(Q]\PH DFWLYLW\ZDVPHDVXUHG DQG GHWHFWHG VHYHQ WLPHV EHWZHHQ)HEUXDU\ DQG



























7DEOH $%76 HQ]\PH DFWLYLW\ $FW PHDVXUHG LQ )+ KRUL]RQ XQGHU 30(6
DQGLQFRQWURO)+EHWZHHQ)HEUXDU\DQG2FWREHUGD\V
 &RQWURO 736 7% 7$% .$%
'DWH'D\ $FW VH Q $FW VH Q $FW VH Q $FW VH Q $FW VH Q
               
               
               
               
               
               






















)LJXUH $%76 DFWLYLW\ LQ0D\  GD\  LQ QHHGOH OLWWHU / KRUL]RQ
FROOHFWHG IURPDERYH736.$%DQG WKH FRQWURO VXUIDFHKRUL]RQ HUURUEDUV DUH
VWDQGDUGHUURU

,VRODWHV SURGXFHG IURP D GLOXWLRQ VHULHV IURP )+ KXPXV FROOHFWHG LQ 2FWREHU
 GD\ ZHUH WUDQVIHUUHG RQWR$%76 DJDU WR LQYHVWLJDWH WKHLU DELOLW\ WR
R[LGLVH $%76 ,VRODWHV IURP 736 7$% DQG .$% WUHDWPHQWV ZHUH IRXQG WR
SURGXFH D JUHHQ FRORXU RQ $%76 DJDU LQGLFDWLQJ H[SUHVVLRQ RI H[WUDFHOOXODU
HQ]\PHV ZLWK $%76 R[LGLVLQJ SRWHQWLDO 1RQH RI WKH )+ KXPXV LQ WKHVH
WUHDWPHQWV KDG VKRZQ DQ\$%76DFWLYLW\ZKHQ VXEVDPSOHV RI WKH QHHGOH OLWWHU
ZHUH DVVD\HG ,QWHUHVWLQJO\ WKHUH ZHUH QR FRORQLHV LVRODWHG IURP WKH FRQWURO
 





7RWDO RUJDQLF FDUERQ 72& UDQJHG IURP    LQ 30(6 EHIRUH ILHOG
DSSOLFDWLRQDQGWRWDOQLWURJHQ71UDQJHGIURP7DEOH

7DEOH  &DUERQ DQG QLWURJHQ DQDO\VLV RI 30(6 EHIRUH ILHOG DSSOLFDWLRQ DQG
FRQWUROVRLO)+DQG$KKRUL]RQVVDPSOHGLQ
7UHDWPHQW 72& 71 &1 /2,
736    
7%    
7$%    
.$%    
6RLO)+    
6RLO$K    

7KHUHZDVDVLJQLILFDQWGHFOLQHLQWKH72&LQWKH7%U S 7$%
U S DQG.$%U S RYHUWZR\HDUV)LJXUH
7KH73672&GLGQRWFKDQJHVLJQLILFDQWO\RYHUWZR\HDUVU S 
IOXFWXDWLQJ EHWZHHQ  DQG  )LJXUH  7R GHWHUPLQH WKHPDVV RI
72&LQWKHELRVROLGV7%7$%.$%)LJXUHWKHSURSRUWLRQ72&GHULYHG
IURP WKH OLQHDU HTXDWLRQV ILWWLQJ WKH GDWD )LJXUH  ZDV PXOWLSOLHG E\ WKH










LQ7%U S DQG.$%U S 8VLQJWKHOLQHDUHTXDWLRQ
ILWWLQJWKHGDWD)LJXUHWKHSHUFHQW71IRU736ZDVFDOFXODWHGWREH
LQLWLDOO\ LQFUHDVLQJ WR  DIWHU WZR \HDUV 7KH WRWDO PDVV RI QLWURJHQ ZDV
FDOFXODWHGWREHJSHUUHVSLUDWLRQFRUHDWWKHEHJLQQLQJRIWKHWULDOLQFUHDVLQJ




KDG D ZHDNHU WUHQG LQ 71 U    S    DQG ZDV FDOFXODWHG WR KDYH
DFFXPXODWHG DSSUR[LPDWHO\  NJ SHU KHFWDUH RI QLWURJHQ 7KHUH ZHUH QR






























7DEOH  &KDQJHV LQ 736 QLWURJHQ 71 RYHU WZR \HDUV VKRZLQJ SHUFHQW
QLWURJHQ GU\ ZHLJKW RI 736 DQG FDOFXODWHG ZHLJKW RI QLWURJHQ SHU UHVSLUDWLRQ
FRUH
'D\ 1 GZ736FRUH PJ1FRUH
   
   
   
   

&DUERQWRQLWURJHQUDWLRV&1LQ30(6EHIRUHILHOGDSSOLFDWLRQUDQJHGIURP



























3XOSPLOOHIIOXHQWVROLGVKDGRUJDQLFPDWWHU /,2FRQWHQWV UDQJLQJIURP 




WKDW DQ HTXDO DPRXQW RI LQRUJDQLF PDWWHU ZDV ORVW IURP WKLV WUHDWPHQW  $V
RXWOLQHG DERYH 6HFWLRQ  WKH DPRXQW RI &2 FDUERQ ORVW IURP WKH 7$%
























































736        
7%        
7$%        










\HDUV VKRZHG WKDW FDUERQ IUDFWLRQV FKDQJHG ZLWK WLPH )LJXUHV  ± 
'LIIHUHQW SRROV RI FDUERQ FRQWULEXWHG WR PDVV ORVVHV IRU WKH GLIIHUHQW 30(6
7DVPDQSULPDU\VROLGVKDGVLJQLILFDQWO\PRUHDFLGGHWHUJHQWILEUH$')WKDQGLG
WKH ELRVROLGV WKLV IUDFWLRQ UHSUHVHQWV WKH FHOOXORVH IUDFWLRQ LQ SODQW OLWWHU
GHFRPSRVLWLRQVWXGLHV5RZODQGDQG5REHUWV
 


























































































































'XH WR ORVVHV LQ WKH FHOOXORVH IUDFWLRQ DOO WUHDWPHQWVKDG ODUJH GHFUHDVHV LQ WKH
OLJQRFHOOXORVH UDWLR 7DEOH  $V WKH FHOOXORVH IUDFWLRQ LV SUHIHUHQWLDOO\
PHWDEROLVHG FRPSDUHG WR WKH DFLG VROXEOH IUDFWLRQ WKH OLJQRFHOOXORVH UDWLR
GURSSHGDV30(6GHFD\HG7KHELRVROLGVKDGD ORZOLJQRFHOOXORVHUDWLRLQLWLDOO\




















736      
736      
7%      
7%      
7$%      
7$%      
.$%      












RI WRWDO PDVV ORVVHV IURP 736 ZHUH IURP GHFRPSRVLWLRQ RI FHOOXORVH 7KH
UHPDLQLQJ PDVV ORVVHV FDPH IURP WKH GHWHUJHQW VROXEOH IUDFWLRQ ,Q .$% WKH
LQLWLDO FHOOXORVH IUDFWLRQZDV RQO\ RI WRWDOPDVV DQG WKLV GURSSHG WR 
DIWHU WZR\HDUV FRQWULEXWLQJ OHVV WKDQ  WRPDVV ORVVHV WKH UHPDLQLQJ ORVVHV
EHLQJ IURP WKH GHWHUJHQW VROXEOH IUDFWLRQ )LJXUH  ,QLWLDOO\ FHOOXORVH
IUDFWLRQVLQ7$%DQG7%DFFRXQWHGIRUDQGRIWRWDOPDVVZLWKWKHVH
YDOXHV GURSSLQJ WR  DQG  UHVSHFWLYHO\ RYHU WZR \HDUV )LJXUHV 
 7KLV UHSUHVHQWHG  DQG  RI WKH PDVV ORVVHV IURP 7$% DQG 7%
































KXPXV KDG D JUHDWHU PLFURELDO ELRPDVV WKDQ GLG WKH ELRVROLGV 7% 7$% DQG
.$%DQGFRQWUROVRLO$KKRUL]RQ7KHGLIIHUHQFHVLQPLFURELDOELRPDVVZDVQRW
FRUUHODWHG WR WKH WRWDO FDUERQ 72& RI WKH VXEVWUDWHV 7DEOH  7KH$K VRLO
















736 D ±  
7% E ±  
7$% E ±  
.$% E ±  
)+ D ±  




DSSOLFDWLRQ RI 30(6ZHUH SUHVHQWHG LQ &KDSWHU 7KUHH 7KHUH ZDV QR DSSDUHQW
UHODWLRQVKLSEHWZHHQWKHUDWHRI30(6GHFD\DQGWKHFRQFHQWUDWLRQ5(SUHVHQWLQ
WKHGLIIHUHQW30(67DEOH7KH736ZKLFKKDGVLJQLILFDQWO\JUHDWHUGHFD\
WKDQ WKH RWKHU VROLGV KDG ORZ FRQFHQWUDWLRQV RI WUDQVIRUPHG UHVLQ DFLGV DQG QR
UHVLQDFLGQHXWUDOV7DEOHEXWWKHVHFRPSRXQGVZHUHORVWDWDVLPLODUUDWHWR
QDWLYH UHVLQ DFLGV LQ .$% 7KH .$% LQLWLDOO\ KDG D WRWDO 5( FRQFHQWUDWLRQ RI




















736    
7%    
7$%    




PRQWKV$QDO\VLV LQ WKHVHFRQG\HDUVKRZHGWKDW WKHVH LQFUHDVHVZHUHGXHWR
GHFRPSRVLWLRQRI30(6DQGWKHUHZDVOLWWOHQHWFKDQJHLQVRLOUHVSLUDWLRQEHQHDWK
WKH30(6$QHHGOH OLWWHU VWXG\DOVR LQ WKHVHFRQG\HDU VKRZHG OLWWOHHIIHFWRI
30(6 RQ QHHGOH OLWWHU GHFD\ SURFHVVHV (Q]\PH DFWLYLWLHV ZHUH VLJQLILFDQWO\
KLJKHU LQ WKH FRQWURO VRLO OLWWHU WKDQ OLWWHU EHQHDWK 30(6 KRZHYHU WKH







ORVVHV HVWLPDWHG IURP PDVV ORVVHV RI 30(6 *HQHUDOO\ &2 IOX[HV GHFOLQHG
GXULQJWKHPRQWKVRIWKHWULDO)LJXUH7DEOHDVGLGWKHUDWHRI30(6
PDVV ORVV )LJXUH  &2 IOX[HV IURP 30(6 WUHDWPHQWV ZHUH FRQVLVWHQWO\
JUHDWHUWKDQWKHIOX[HVIURPWKHFRQWUROVRLOSORWVGHVSLWHVRPHWUHDWPHQWVKDYLQJ
QRVLJQLILFDQWFKDQJHLQ30(6PDVVGXULQJWKHODWWHUVWDJHVRIWKHILHOGWULDO7KLV
ZRXOG VXJJHVW WKDW LQ WKHVH WUHDWPHQWV DJHG ELRVROLGV WKH JUHDWHU IOX[HVZHUH




UHVSLUDWLRQ LQ WKH VRLO EHQHDWK WKHP GXH WR IRU H[DPSOH LPSURYHG PRLVWXUH
 
UHJLPH RU DGGLWLRQ RI QXWULHQWV ,Q DQ DGMDFHQW ILHOG WULDO DQ LQFUHDVH LQ VRLO
VROXWLRQ S+ZDV REVHUYHG DV D UHVXOW RI 30(6 DSSOLFDWLRQ *DUUHWW DQG:DQJ
ZKLFKPD\KDYHHQKDQFHGVRLOUHVSLUDWLRQ





HYLGHQFH WKDW 30(6 DIIHFWHG GHFD\ SURFHVVHV LQ QHHGOH OLWWHU 0DVV ORVVHV RI
QHHGOH OLWWHUZHUHQRW VLJQLILFDQWO\GLIIHUHQWEHWZHHQFRQWUROSORWV DERYH30(6
RU EHORZ 30(6 &RPSDULVRQ RI QHHGOH OLWWHU IURP WKH 7DVPDQ ELRVROLGV 7%
WUHDWPHQWZLWK WKHFRQWURO VRLO WUHDWPHQW OLWWHUXVLQJ$')DQDO\VLV VKRZHG WKHUH





$ QXPEHU RI IDFWRUV DSSHDU WR KDYH LQIOXHQFHG WKH GHFRPSRVLWLRQ RI 30(6
7DNHQWRJHWKHUWKHVHGLIIHUHQWIDFWRUVVKRZKRZ30(6KDYHFKDQJHGLQWKHILHOG
GXULQJWKHPRQWKWULDODQGSURYLGHHYLGHQFHRQKRZGHFRPSRVLWLRQSURFHVVHV
DUH FRQWUROOHG DQG WKH XOWLPDWH IDWHRI WKHVH W\SHVRIZDVWHPDWHULDOZKHQ ODQG
DSSOLHG +DOIOLYHV FDOFXODWHG IRU 30(6 LQGLFDWH VORZ DVVLPLODWLRQ RI WKHVH
PDWHULDOVE\UHFHLYLQJVRLOV7KHOLPLWYDOXHIRUGHFRPSRVLWLRQWKHSRLQWDWZKLFK
GHFRPSRVLWLRQ VWRSV ZLOO EH LQIOXHQFHG E\ WKH VWDUWLQJ20 SHUFHQWDJH 2VRQR
DQG7DNHGDZKLFKUDQJHGIURPLQ30(67DEOH

,W ZDV K\SRWKHVLVHG WKDW KLJK FRQFHQWUDWLRQV RI 5( LQ 30(6ZRXOG QHJDWLYHO\
LPSDFWFDUERQWXUQRYHULQVRLODQGLQKLELWGHFRPSRVLWLRQRI30(67KHEDVLVIRU
WKLV ZDV WKH DFXWH WR[LFLW\ REVHUYHG LQ DTXDWLF RUJDQLVPV H[SRVHG WR 5( DQG
GLVFXVVHGIURPWKHOLWHUDWXUHFLWHGLQ&KDSWHUDQGDOVRWKHUROHRIPDQ\RIWKH
SDUHQW FRPSRXQGV IRXQG LQ ZRRG WKDW LQKLELW GHFD\ RUJDQLVPV +lWWHQVFKZLOHU
DQG9LWRXVHN  3KLOOLSV DQG&URWHDX :KLOH 30(6GLVSOD\HG DZLGH
UDQJHRIGHFD\UDWHVWKHUHZDVQRUHODWLRQVKLSEHWZHHQLQLWLDO5(FRQFHQWUDWLRQV
 






7DVPDQ SULPDU\ VROLGV 736 GHFRPSRVLWLRQ ZDV OLNHO\ WR KDYH EHHQ QLWURJHQ
OLPLWHG :DQJ HW DO  ,Q GHFRPSRVLWLRQ VWXGLHV WKH &1 UDWLR WHQGV WR
GHFUHDVHDVGHFRPSRVLWLRQSURFHHGVGXHWRFDUERQEHLQJORVWDV&2PRUHUDSLGO\
WKDQQLWURJHQORVVHVWKURXJKGHQLWULILFDWLRQDQGOHDFKLQJ6ZLIWHWDO,QDQ
DGMDFHQW WULDO HVWDEOLVKHG E\6FLRQ WR LQYHVWLJDWH QLWURJHQ OHDFKLQJ IURP30(6
WKHFRQFHQWUDWLRQRIQLWUDWHLQJURXQGZDWHUZDVQRWDIIHFWHGE\30(6DSSOLFDWLRQ





WKHVH WUHDWPHQWV 7KLV H[WUD QLWURJHQ PD\ KDYH EHHQ WUDQVORFDWHG IURP WKH
XQGHUO\LQJ VRLO KRUL]RQV WKDW KDG JUHDWHU 71 DQG ORZHU &1 WKDQ WKH 30(6
IXQJDOWUDQVORFDWLRQKDVEHHQVKRZQLQSUHYLRXVGHFRPSRVLWLRQVWXGLHV+DUWDQG
)LUHVWRQH7UDQVORFDWLRQPD\OHDGWRQLWURJHQOLPLWDWLRQIRUSODQWJURZWKLQ
VRLO UHFHLYLQJ WKHVH30(6%HUJ IRXQGWKDW LQFUHDVHGQLWURJHQPD\ OLPLW
OLWWHUGHFRPSRVLWLRQ LQ WKH ODWHU VWDJHVRIGHFD\GXH WR IRUPDWLRQRI UHFDOFLWUDQW
DURPDWLF FRPSRXQGV.LQOHLWK DJHG ELRVROLGV .$% KDG WKH KLJKHVW 71 RI WKH




7KH TXDQWLW\ DQG W\SH RI ODELOH FDUERQ VXEVWUDWHV ODUJHO\ GHWHUPLQHG
GHFRPSRVLWLRQ UDWHV LQ 30(6 DQG WKH H[WHQW WRZKLFK GHFRPSRVLWLRQ SUHFHGHV
7KH ODELOH FDUERQ WKDW ZDV UHVSLUHG GXULQJ WKH ILHOG WULDO ZDV GHULYHG IURP
GLIIHUHQWSRROVLQGLIIHUHQW30(67KH7DVPDQSULPDU\VROLGV736KDGDODUJH
SRRO RI FHOOXORVH WKDW VXSSRUWHG VLJQLILFDQWO\ KLJKHU UHVSLUDWRU\ DFWLYLW\ DQG
JUHDWHU PDVV ORVVHV WKDQ WKH ELRVROLGV $Q LQFUHDVH LQ WKH UDWLR RI 72& 20
 
7DEOHLQ736VXJJHVWVWKDWVRPHSRROVRIFDUERQKDGEHHQSUHIHUHQWLDOO\ORVW
IURP 736 DV DSSDUHQW IURP $') DQDO\VLV )LJXUH  &HOOXORVH KDV
DSSUR[LPDWHO\HTXDOPDVVHVRIFDUERQDQGR[\JHQ0F0XUU\ZKLOHOLJQLQ
OLNH FRPSRXQGV DQG ZD[HV FRQWDLQ VLJQLILFDQWO\ JUHDWHU PDVV RI FDUERQ WKDQ
R[\JHQ )HQJDO DQG:HJHQHU  ,I FHOOXORVH LV SUHIHUHQWLDOO\ ORVW WKHQ WKH
UDWLR RI FDUERQ WR R[\JHQ LQ20ZLOO LQFUHDVHZLWK WLPH 6MREHUJ HW DO 
ZKLFKLQWXUQZLOOUHVXOWLQDQLQFUHDVHLQ72&20DVDJUHDWHUSURSRUWLRQRIWKH
R[\JHQ LV ORVWDVDSSHDUV WREH WKHFDVH IRU736 ,Q WKHELRVROLGV WKH72&20








WKH FHOOXORVH ULFK IUDFWLRQ 7KH HYLGHQFH IRU WKLV ZDV WKDW LQ DOO 30(6 WKH
SURSRUWLRQDO GHFOLQH RYHU WZR \HDUV LQ WKH FHOOXORVH IUDFWLRQ  ORVWZDV
JUHDWHUWKDQLQWKHGHWHUJHQWVROXEOHIUDFWLRQORVWGHVSLWHWKHGHWHUJHQW




7KH TXDQWLW\ DQG TXDOLW\ RI VXEVWUDWH FDUERQ GLUHFWO\ UHODWHV WR WKH PLFURELDO
ELRPDVVWKDWFDQEHVXSSRUWHGE\DSDUWLFXODUVRLORUVRLODPHQGPHQW:HEVWHUHW
DO  7KH UDWLR RIPLFURELDO ELRPDVV FDUERQ &PLF WR WRWDO RUJDQLF FDUERQ
72&JLYHVDQLQGLFDWLRQRIWKHTXDOLW\RIWKHVXEVWUDWH6SDUOLQJ:HEVWHU
HWDO7KH30(6DOOKDGKLJKFDUERQFRQWHQWVEXWWKHTXDOLW\RIFDUERQWR




KXPXV VXSSRUWHG VLJQLILFDQWO\ OHVV PLFURELDO ELRPDVV WKDQ 736 RU )+ KXPXV
 
7DEOH  7KH GLIIHUHQFHV EHWZHHQ WKH PLFURELDO ELRPDVV RI GLIIHUHQW 30(6





7KH DFWLYLW\ RI H[WUDFHOOXODU HQ]\PHV LQYROYHG LQ WKH GHFRPSRVLWLRQ RI
UHFDOFLWUDQW FDUERQ LV RI JUHDW LPSRUWDQFH LQ IRUHVW HFRV\VWHPV DV PXFK RI WKH
FDUERQLQSXWWRWKHVHV\VWHPVLVLQIRUPVWKDWDUHSURWHFWHGIURPGHFD\E\OLJQLQ
.LUN DQG )DUUHOO  30(6 VXSSUHVVHG $%76 DFWLYLW\ LQ WKH )+ KRUL]RQ
EHQHDWK30(6VXJJHVWLQJWKDWODFFDVHHQ]\PHDFWLYLW\PD\GHFUHDVHDVDUHVXOW
RI30(6DSSOLFDWLRQ7KLVKRZHYHUGLGQRWUHVXOWLQGHWHFWDEOHGLIIHUHQFHVLQWKH
GHFD\ RI QHHGOH OLWWHU SODFHG LQ WKH )+ KRUL]RQ IRU RQH \HDU $') DQDO\VLV
FRQGXFWHG RQ QHHGOH OLWWHU IURP7% DQG FRQWURO VRLO WUHDWPHQWV DOVR VKRZHG QR
GLIIHUHQFHV VXFK DV PLJKW EH H[SHFWHG LI OLJQLQ GHJUDGDWLRQ ZDV LQKLELWHG
,VRODWLRQRI RUJDQLVPV RQ VROLGPHGLD 6HFWLRQ  VXJJHVWHG WKDW WKHUHZHUH
VWLOO RUJDQLVPV LQ WKH )+ KRUL]RQ EHQHDWK 30(6 ZLWK H[WUDFHOOXODU $%76
R[LGLVLQJSRWHQWLDO ,I ODFFDVH HQ]\PHV DUH LQYROYHG LQ OLJQLQGHJUDGDWLRQ LQ WKH
ILHOG WULDO VRLO DQG WKHLU DFWLYLW\ KDV EHHQ LQKLELWHG E\ 30(6 LW PD\ EH WKDW
DOWHUQDWLYH HQ]\PH V\VWHPV FDQ VWLOO FDUU\ RXW OLJQLQ GHJUDGDWLRQ XQGHU 30(6









LPSRUWDQW VRXUFH RI QXWULHQWV LQ IRUHVW V\VWHPV DQG ZKLOH 30(6 FDXVHG QR
GLVFHUQLEOH GLIIHUHQFHV LQ GHFD\ RI QHHGOHV WKHUH ZDV D GHFUHDVH LQ HQ]\PH
DFWLYLWLHV WKDW KDYH EHHQ DVVRFLDWHGZLWK OLWWHU GHFD\ 7KHVH FKDQJHV LQ HQ]\PH
 








GDWDVKRZELRVROLGVZHUH OLNHO\ WRSHUVLVW IRUPDQ\\HDUVEHIRUHEHFRPLQJIXOO\






:KHQ FRQVLGHULQJ WKH WRWDO LQSXW RI FDUERQ IURP 30(6 WKH HIIHFWV RQ VRLO
UHVSLUDWLRQZHUHPLQLPDODQGDQ\ORVVRIVRLOFDUERQZRXOGEHPRUHWKDQRIIVHWE\
WKHDGGLWLRQRI30(6FDUERQ7KHFDUERQLQELRVROLGVLVRIORZHUGHJUDGDELOLW\WR
WKDW RI QDWXUDO LQSXWV LQWR WKH IRUHVW DV$') DQDO\VLV LQGLFDWHG WKHUHZDV OLWWOH
FHOOXORVHPDWHULDOUHPDLQLQJLQELRVROLGV7KHFHOOXORVHFRPSRQHQWDSSHDUHGWREH
LPSRUWDQW LQ GULYLQJ WKH RYHUDOO GHFRPSRVLWLRQ UDWH 'LIIHUHQFHV LQ UDWHV RI
GHFRPSRVLWLRQEHWZHHQ30(6DQGQHHGOHOLWWHUVXJJHVWHGVORZDVVLPLODWLRQDQGD
ORQJ UHSHDW SHULRG ZRXOG EH UHTXLUHG IRU ODQG DSSOLFDWLRQ ,Q 1HZ =HDODQG3
UDGLDWDIRUHVWVDQQXDOQHHGOHOLWWHUIDOOKDVEHHQHVWLPDWHGWREHDURXQGVL[DQGD
KDOIWRQQHVSHUKHFWDUH*LULVKDDHWDO7KLVUHSUHVHQWVOHVVWKDQRIWKH
LQSXWV IURP 30(6 DW  GU\ WRQQHV SHU KHFWDUH VR FDUERQ ZLOO PRVW OLNHO\
LQFUHDVHLQVRLOUHFHLYLQJ30(67KHUHPD\KRZHYHUEHGHWULPHQWDOHIIHFWVIURP
WKLVEXLOGXSRIFDUERQLIWKHWXUQRYHURIWKDWFDUERQLVORZ7KLVFRXOGOHDGWRWKH
LPPRELOLVDWLRQ RI QXWULHQWV RYHU WLPH DQGPD\ UHTXLUH DGGLWLRQ RI IHUWLOLVHUV WR
EDODQFHWKHQXWULWLRQDOUHTXLUHPHQWVRIWKHVRLOIRUIRUHVWU\XVH








7KH VDIH GLVSRVDO RI LQGXVWULDO ZDVWHV LV GHVLUDEOH LQ RUGHU WR SURWHFW WKH
HQYLURQPHQWIRUIXWXUHJHQHUDWLRQV)RURUJDQLFZDVWHVVXFKDVSXOSPLOOHIIOXHQW
VROLGV 30(6EHQHILFLDO UHXVH LV VHHQDV DEHWWHU DOWHUQDWLYH WKDQGLVSRVDO LQWR
ODQGILOOV,IVRLOVDUHXVHGIRUGLVSRVDORUJDQLFZDVWHVPD\SURYLGHEHQHILWWRVRLO
SURSHUWLHV DQG IRUHVW SURGXFWLYLW\ DQG DW WKH OHDVW VKRXOG QRW QHJDWLYHO\ LPSDFW
UHFHLYLQJHQYLURQPHQWV

7KLVVWXG\VRXJKW WR LQYHVWLJDWH WKHSRWHQWLDORI30(6DVVRLODPHQGPHQWV7KH
SULPDU\ REMHFWLYH ZDV WR LQYHVWLJDWH SRWHQWLDO QHJDWLYH LPSDFWV RQ WHUUHVWULDO
RUJDQLVPVDQGHQYLURQPHQWVGXHWRRUJDQLFFRPSRXQGVFRQWDLQHGLQWKHVHVROLGV
$UHYLHZRIWKHOLWHUDWXUHUHYHDOHGDKLVWRU\RIHQYLURQPHQWDOLPSDFWVDVVRFLDWHG
ZLWK HIIOXHQW GLVFKDUJHV IURP SXOS PLOOV 7KLV OLWHUDWXUH ZDV IRFXVHG RQ WKH
DTXDWLF HQYLURQPHQW EHFDXVH KLVWRULFDOO\ WKHVH ZDVWHV KDYH ODUJHO\ EHHQ
GLVFKDUJHG WR VXUIDFHZDWHUERGLHV7KHUHZDVDSDXFLW\RI OLWHUDWXUHDGGUHVVLQJ




(DUO\ LQ WKH GHYHORSPHQW RI WKH SXOS DQG SDSHU LQGXVWU\ LW ZDV REYLRXV WKDW
HIIOXHQW GLVFKDUJHV QHJDWLYHO\ LPSDFWHG DTXDWLF HQYLURQPHQWV (EHOLQJ 
:DOGHQ*URVVSROOXWLRQGXHWRIRUH[DPSOHKLJK%2'VXVSHQGHGVROLGV
DQGSURFHVVFKHPLFDOVZHUHHDV\ WR OLQN WR WKHSXOSDQGSDSHU LQGXVWU\$OLDQG
6UHHNULVKQDQ  0DQ\ RI WKHVH LVVXHV DUH QRW DSSOLFDEOH WR GLVSRVDO LQ
WHUUHVWULDOHQYLURQPHQWVDQGVRWKHVHREYLRXVVLJQVRIHQYLURQPHQWDOGHJUDGDWLRQ
DUH QRW REVHUYHG +RZHYHU DV KDV EHHQ VKRZQ ZLWK DTXDWLF VWXGLHV ZKHQ WKH
LQGXVWU\ VWDUWHG WR µFOHDQ XS¶ LWV GLVFKDUJHV WKHUH ZHUH PDQ\ SUHYLRXVO\
XQUHFRJQLVHG QHJDWLYH LPSDFWV RQ DTXDWLF RUJDQLVPV $V HIIOXHQW TXDOLWLHV






RISXOSPLOOGHULYHGRUJDQLF FRPSRXQGVPXFKRI WKLVGXH WR WKH FRPSOH[LW\RI
WKHZDVWHVSURGXFHGDQG LQWHUDFWLRQV LQ WKH UHFLSLHQWHQYLURQPHQW +HZLWW HWDO
7KHVWDUWLQJSRLQWIRULQYHVWLJDWLQJWHUUHVWULDOLPSDFWVRISXOSPLOOHIIOXHQW
ZDVWHVZDV WRGHVLJQDVHULHVRIH[SHULPHQWV WKDWFRXOGEH LQWHJUDWHG WRSURYLGH
QHZ NQRZOHGJH RQ WHUUHVWULDO IDWH DQG HIIHFWV RI 30(6 7KHVH W\SHV RI ZDVWH
FRQWDLQ D FRPSOH[ PL[WXUH RI RUJDQLF FRPSRXQGV WKDW EHKDYH LQ XQSUHGLFWDEOH
ZD\VLQDTXDWLFUHFHLYLQJHQYLURQPHQWV&XOSHWDO

7KHUH KDV EHHQ YHU\ OLWWOH LQYHVWLJDWLRQ RI WKH SRWHQWLDO RI SXOS PLOO HIIOXHQW









IDWH DQG HIIHFWV RI SXOSPLOO GHULYHG5( LQ ODQG DSSOLHG30(6 WKH DLPRI WKLV
VWXG\ZDV WRHVWDEOLVK LI30(6SRVHGDVLJQLILFDQW ULVN WR WKHVRLOHQYLURQPHQW
DQG KRZ WKHVH PDWHULDOV EHKDYH LQ VRLO $IIHFWV ZHUH PHDVXUHG XVLQJ VRLO
RUJDQLVPVDQGLQ WKHVRLOHQYLURQPHQWDQGZHUHFRPSDUHG WRVHHLI WKHUHZDVD
UHODWLRQVKLSWRWKHH[WUDFWLYHVFKHPLVWU\RI30(6

$ VHULHV RI K\SRWKHVHV ZHUH IRUPXODWHG FRQFHUQLQJ WKH WHUUHVWULDO WR[LFLW\ DQG
SHUVLVWHQFHRI5(DQGWKHSRWHQWLDOIRU30(6FRQWDLQLQJWKHVH5(WRQHJDWLYHO\
LPSDFW VRLO SURFHVVHV +\SRWKHVLV WHVWLQJ LQYROYHG D UDQJH RI LQWHUGLVFLSOLQDU\
PHWKRGV GHVLJQHG WR SURYLGH LQIRUPDWLRQ IURP GLIIHUHQW OHYHOV RI ELRORJLFDO
















WKURXJK WKH XVH RI DTXDWLF ELRDVVD\V :KLOH WKHVH ELRDVVD\V KDYH GLIILFXOW\ LQ
SUHGLFWLQJHQYLURQPHQWDOHIIHFWVWKH\KDYHEHHQXVHGWRGHPRQVWUDWHPDQ\RIWKH
PHFKDQLVPV LQYROYHG LQ WKH WR[LFLW\ RI SXOS PLOO HIIOXHQW ZDVWHV DQG
HQYLURQPHQWDOLPSDFWVREVHUYHG%DVHGRQWKH5(FKHPLVWU\RIWKH30(6WHVWHG
LW ZDV H[SHFWHG WKDW WKHVH PDWHULDOV ZRXOG SRVH D VLJQLILFDQW WKUHDW WR DTXDWLF
RUJDQLVPV DQG WHVWV RQ DTXHRXV H[WUDFWV IURP 30(6 GHPRQVWUDWHG WKDW WKHVH
VROLGV FRQWDLQHG ELRDYDLODEOH FRPSRXQGV WKDW ZHUH WR[LF WR WKH 0LFURWR[
 
RUJDQLVP 7R[LFLW\ RI SXOS PLOO HIIOXHQWV WR0LFURWR[ KDV EHHQ VKRZQ WR EH





XQGLOXWHG 30(6 ZHUH QRW DFXWHO\ WR[LF WR WKHVH RUJDQLVPV ,QKLELWLRQ RI
HQFK\WUDHLG UHSURGXFWLRQ LQGLFDWHG WKDW 30(6 FRXOG LPSDFW VRPH WHUUHVWULDO
VSHFLHVEXWLWZDVQRWFOHDUZKDWFDXVHGWKLVLQKLELWLRQ$VWXG\RIWKHWR[LFLW\RI
HLJKW 3$+¶V WR HQFK\WUDHLGV E\ 6YHUGUXS HW DO D VKRZHG WKDW WKHVH
FRPSRXQGVKDG ORZDFXWH WR[LFLW\ WRDGXOWV)RUH[DPSOHSKHQDQWKUHQHGLGQRW
FDXVHVLJQLILFDQWPRUWDOLW\RYHUDGD\H[SRVXUHDWFRQFHQWUDWLRQVDERYH
JJ 5HSURGXFWLRQ ZDV IRXQG WR EH IDU PRUH VHQVLWLYH ZLWK WKH FRQFHQWUDWLRQ
FDXVLQJPRUWDOLW\XSWRIROGKLJKHUWKDQWKHFRQFHQWUDWLRQFDXVLQJD




SURGXFHG DQG WKLVZDV QRW VLJQLILFDQWO\ GLIIHUHQW IURP WKH FRQWURO )LJXUH 
7KH FRQFHQWUDWLRQ RI UHWHQH DQ DON\O VXEVWLWXWHG SKHQDQWKUHQH ZDV
DSSUR[LPDWHO\  JJ LQ WKH  .$% ZHOO DERYH WKH FRQFHQWUDWLRQ RI
SKHQDQWKUHQHWKDW6YHUGUXSUHSRUWHG±JJWRUHGXFHUHSURGXFWLRQE\
 LQ D VDQG\ ORDP VRLO 7KHUH ZHUH PDMRU GLIIHUHQFHV EHWZHHQ WKHVH WZR
VWXGLHVLQ20FRQWHQWLQVDQG\ORDPDQGLQ.$%DQGLQUHVLGHQFH
WLPH RI WKH FRPSRXQGV ZLWK 3$+¶V VSLNHG LQWR VDQG\ ORDP ZKLOH 5( KDG
DFFXPXODWHG RYHU PDQ\ \HDUV LQ .$% 7KHVH IDFWRUV PD\ KDYH LQIOXHQFHG WKH
ELRDYDLODELOLW\ RI 5( FRPSRXQGV LQ WKH 30(6 ,W FDQ QRW EH UXOHG RXW WKDW
GLIIHUHQWIDFWRUVPD\KDYHEHHQUHVSRQVLEOHIRUUHGXFLQJHQFK\WUDHLGUHSURGXFWLRQ
LQ WKH GLIIHUHQW 30(6 WUHDWPHQWV DV WKHUH ZDV D ZLGH UDQJH RI FRPSRXQG
FRQFHQWUDWLRQVDQGVSHFLDWLRQEHWZHHQGLIIHUHQW30(6










IRUHVW VRLO KRZHYHU ZKHQ UHVSLUDWLRQ ZDV QRUPDOLVHG SHU JUDP RI FDUERQ
VRLO30(6 PL[WXUHV KDG VLJQLILFDQWO\ KLJKHU UHVSLUDWLRQ WKDQ 30(6 RU VRLO RQ
WKHLU RZQ 6HFWLRQ  7KHUH DUH D QXPEHU RI SRVVLEOH IDFWRUV WKDW PLJKW
H[SODLQ WKLV 30(6PD\ KDYH FDXVHG D EHQHILFLDO QXWULHQW UHVSRQVH LQ WKH VRLO
SRSXODWLRQDGDSWHG WRDQXWULHQW OLPLWHGHQYLURQPHQW&RQYHUVHO\30(6ZKLFK






PL[HG ZLWK VRLO RU DW  FRQFHQWUDWLRQ )LJXUH  DQG 736 DOVR KDG
VLJQLILFDQWO\ KLJKHU &2 IOX[HV DQGPDVV ORVVHV WKDQ ELRVROLGV LQ WKH ILHOG WULDO
)LJXUHV  DQG  $VVRFLDWHG ZLWK WKLV KLJKHU UHVSLUDWRU\ DFWLYLW\ ZDV D
VLJQLILFDQWO\ KLJKHU PLFURELDO ELRPDVV )LJXUH  DQG DOVR &PLF72& UDWLR
$FLGGHWHUJHQWDQDO\VLVRI30(6PD\H[SODLQWKHVHGLIIHUHQFHVDV736ZHUHWKH
RQO\30(6 WKDWKDG D VLJQLILFDQWSURSRUWLRQRI FDUERQ LQ WKH FHOOXORVH IUDFWLRQ
WKLVSUHVXPDEO\UHSUHVHQWLQJ WKHPRVW ODELOHSRRORIFDUERQ:KLOH736LQLWLDOO\
KDG VLJQLILFDQWO\ OHVV QLWURJHQ WKDQ ELRVROLGV QLWURJHQ DFFXPXODWHG GXULQJ WZR











,Q WKH ILHOG WULDO WKH VLJQLILFDQW LQFUHDVH LQ &2 IOX[HV GXH WR DSSOLHG 30(6
DSSHDUHGWREHSULPDULO\GXHWRGHFRPSRVLWLRQRI30(6DVFDOFXODWHGPDVVORVV
RI 30(6& DQG FXPXODWLYH&2 FDUERQ IOX[HVZHUH VLPLODU %RWK 30(6PDVV
ORVVHV )LJXUH  DQG &2 IOX[HV IURP 30(6 SORWV GHFOLQHG GXULQJ WKH 
PRQWKV WULDO 7DEOH  'HFD\ RI 30(6ZDV DSSUR[LPDWHG E\ DQ H[SRQHQWLDO
GHFD\IXQFWLRQ)LJXUH&RPSDUHGWRQHHGOHOLWWHUGHFD\DSSUR[LPDWHO\
PDVVORVVLQPRQWKV30(6KDGDVORZGHFD\UDWHSDUWLFXODUO\WKHELRVROLGV
ZKLFK ORVW RQO\ EHWZHHQ  DQG  RI WKHLU PDVV GXULQJ WKH  PRQWKV WULDO





OLWWHU LQ WKH VRLO )+ KRUL]RQ RU LQ QHHGOH OLWWHU WKDW DFFXPXODWHG DERYH 30(6
)LJXUH  7KH OLJQRFHOOXORVH UDWLR LQ QHHGOH OLWWHU IURP 7% DQG FRQWURO
WUHDWPHQW OLWWHUEDJV DIWHU  PRQWKV LQFXEDWLRQ ZDV QRW VLJQLILFDQWO\ GLIIHUHQW
VXJJHVWLQJVLPLODUGHFD\SURFHVVHVZHUHRSHUDWLQJLQERWKWUHDWPHQWV)LJXUH

7KH DELOLW\ WR R[LGLVH $%76 KDV EHHQ XVHG WR LQYHVWLJDWH H[WUDFHOOXODU ODFFDVH
HQ]\PHDFWLYLWLHVLQVRLO%DOGULDQHWDO/RUHQ]RHWDO1HHGOHOLWWHU
IURP WKH )+ KRUL]RQ EHQHDWK 30(6 KDG VLJQLILFDQWO\ UHGXFHG $%76 DFWLYLW\






30(6 EXW PRUH VORZO\ LQ RWKHU 30(6 ZLWK VRPH FRPSRXQG JURXSV EHLQJ
UHFDOFLWUDQW7DEOHV7KHUHFDOFLWUDQFHRIUHVLQDFLGVLQ7%DQG7$%
ZDV GLIILFXOW WR H[SODLQ DV UHVLQ DFLGV KDYH EHHQ VKRZQ WR GHJUDGH UDSLGO\ LQ
DHURELFHQYLURQPHQWV/LVVHWDO.LQOHLWKDJHGELRVROLGVKDGVXEVWDQWLDOO\
KLJKHU FRQFHQWUDWLRQV RI 5( WKDQ GLG 7DVPDQ ELRVROLGV EXW D VLPLODU UDQJH RI
 




FRPPXQLW\ RI PLFURRUJDQLVPV FDSDEOH RI GHJUDGLQJ UHVLQ DFLGV 7KH WUHDWPHQW
V\VWHPWKDW.$%ZDVGHULYHGIURPKDGKLVWRULFDOO\UHFHLYHGYHU\KLJKUHVLQDFLG
ORDGLQJ 6WXWKULGJH HW DO  DQG PD\ KDYH GHYHORSHG D FRPPXQLW\ EHWWHU
DGDSWHG WR UHVLQ DFLG GHJUDGDWLRQ 5HVLGHQW PLFURELDO VSHFLHV LQ WKH GLIIHUHQW
ELRVROLGVDW WKH WLPHRI ILHOGDSSOLFDWLRQPD\KDYHEHHQ UHVSRQVLEOH IRUPRVWRI
WKH UHVLQ DFLG GHFRPSRVLWLRQ GXULQJ WKH IROORZLQJ WZR\HDUV DV KLJK UHVLQ DFLG
FRQFHQWUDWLRQVFDQEH WR[LF WRRU LQKLELWQRQDFFOLPDWHGSRSXODWLRQV /LVVHWDO
<XDQG0RKQ

7KHUH ZDV D FOHDUHU UHODWLRQVKLS EHWZHHQ 5( ORVV 7DEOH  DQG PDVV ORVV
)LJXUH  LQ WKH 736 ZLWK ERWK GHFOLQLQJ VLJQLILFDQWO\ RYHU WZR \HDUV $
SRVVLEOHPHFKDQLVP LV WKH VXEVWDQWLDO DPRXQWRI DFLGGHWHUJHQW ILEUH LQGLFDWLQJ




$ UDQJH RI WHFKQLTXHV ZDV XVHG WR DVVHVV WKH ULVN 30(6 SRVH LQ WHUUHVWULDO
HFRV\VWHPV([SHULPHQWVZHUH FRQGXFWHGXQGHUFRQWUROOHG ODERUDWRU\FRQGLWLRQV
DQGLQWKHILHOGXQGHUHQYLURQPHQWDOO\UHOHYDQWFRQGLWLRQV)LJXUHVKRZVWKDW
WKHUH ZHUH RYHUODSV LQ WKUHH JHQHUDO DUHDV RI VWXG\ %LRDVVD\V DQG FKHPLFDO
DQDO\VLV VKRZHG WKDW UHVSRQVHV E\ RUJDQLVPV GLG QRW UHIOHFW 30(6 5(
FRPSRVLWLRQ VXJJHVWLQJHLWKHU ORZELRDYDLODELOLW\RU ORZDFXWH WR[LFLW\RI WKHVH
FRPSRXQGVWRWKHWHVWRUJDQLVPV&KHPLFDODQDO\VLVRIZRUPWLVVXHVKRZHGWKDW







DQG ODERUDWRU\ZHUH REVHUYHGZLWKPLFURELDO UHVSLUDWLRQ DQG LQGLFDWHG WKDW VRLO






JHQHUDOO\ SRVLWLYH HIIHFW QR VLJQLILFDQW HIIHFW RU D QHJDWLYH HIIHFW RU SHUFHLYHG
ULVN2YHUDOO7DEOHGHPRQVWUDWHVWKH3K'UHVHDUFKILQGLQJVWKDW30(6SRVHD
ORZULVN LQ WKH WHUUHVWULDO HQYLURQPHQWZLWKVRPHEHQHILWV WRVRLOEXWDFDXWLRXV





ULVN  VLJQLILFDQW HQKDQFHPHQW  VLJQLILFDQW LQKLELWLRQ RU VRPH FDXVH IRU
FRQFHUQ
 736 7% 7$% .$%
/DERUDWRU\VWXG\    
2DWVVXUYLYDO    
2DWVHDUO\JURZWK    
(DUWKZRUPVXUYLYDO    
(DUWKZRUPJURZWK    
(DUWKZRUPUHSURGXFWLRQ    
(QFK\WUDHLGVXUYLYDO    
(QFK\WUDHLGUHSURGXFWLRQ    
0LFURWR[    
0LFURELDOUHVSLUDWLRQ    
)LHOGVWXG\
   
6RLOUHVSLUDWLRQ    
1HHGOHGHFD\    
30(6GHFRPSRVLWLRQ    
$%76DFWLYLW\    












)XWXUH UHVHDUFK PLJKW IRFXV RQ WKUHH DUHDV LQFOXGLQJ UHDVRQV IRU D GHFUHDVHG
HQFK\WUDHLGUHSURGXFWLRQUHGXFHGHQ]\PHDFWLYLW\LQIRUHVWOLWWHUDQGUHFDOFLWUDQFH
RI UHVLQ DFLGV 7KHVH ZHUH WKH PDLQ LQGLFDWRUV WKDW UHFRUGHG QHJDWLYH LPSDFWV
7DEOHZKHUHVRPHULVNWRWKHWHUUHVWULDOHQYLURQPHQWZDVVXJJHVWHG

/LIH F\FOH VWXGLHV KDYH SURYLGHG XVHIXO LQIRUPDWLRQ RQ WKH WR[LFLW\ DQG
PHFKDQLVPVRIDFWLRQRISXOSPLOOHIIOXHQWZDVWHV LQDTXDWLFV\VWHPV3DUURWWHW
DO (TXLYDOHQW WHUUHVWULDO VWXGLHVPD\EH XVHIXO WR GHWHUPLQH ULVN RI ODQG
DSSO\LQJ30(65HVLQH[WUDFWLYHFRPSRXQGVLQ30(6ZHUHQRWWR[LFWRWKHVRLO
RUJDQLVPV WHVWHG DQG LW ZDV QRW HVWDEOLVKHG LI WKLV ZDV GXH WR OLPLWHG
ELRDYDLODELOLW\ DQG XSWDNH RU ZKHWKHU WKHVH FRPSRXQGV KDYH ORZ WR[LFLW\ WR
WHUUHVWULDORUJDQLVPVFRPSDUHGWRDTXDWLFRUJDQLVPV7KLVFRXOGEHDGGUHVVHGE\




DQG+RORSDLQHQ  /LVV HW DO  EXW WKLV VWXG\ VKRZHG WKDW UHVLQ DFLGV
KDYH YDULDEOH GHFD\ UDWHV ZKLFK ZHUH DSSDUHQWO\ LQIOXHQFHG E\ WKH VRXUFH









FKDQJHV LQ FRPPXQLW\ VWUXFWXUH DQG IXQFWLRQ DQG IXUWKHU LQYHVWLJDWLRQ RI WKHVH
ORZHUOHYHOVHIIHFWVLVUHFRPPHQGHG
7KHJUH\ UHJLRQZLWKLQ)LJXUHZKHUH DOO WKUHH DUHDVRI UHVHDUFK FKHPLVWU\
ELRDVVD\V DQG ILHOG VWXGLHV LQWHUVHFWZRXOG EH D XVHIXO DUHD WR FRQGXFW IXUWKHU
UHVHDUFK $Q H[SHULPHQW WKDW SURYLGHG WKLV VRUW RI LQIRUPDWLRQ ZRXOG FRPELQH
DVSHFWVRI5(FKHPLVWU\ H[SRVXUHRIRUJDQLVPV IURPILHOG UHOHYDQWSRSXODWLRQV
XQGHUFRQWUROOHGODERUDWRU\FRQGLWLRQV2QHVXFKWHFKQLTXHWKDWFRXOGIXOILOWKHVH
FULWHULDLVFDWDEROLFUHVSRQVHSURILOHV'HJDQVDQG+DUULV)LHOGVRLOWKDWKDG











&1 UDWLR RI 30(6 &RPELQLQJ SULPDU\ DQG VHFRQGDU\ WUHDWHG VROLGV PD\
DOOHYLDWHSUREOHPVDVVRFLDWHGZLWKWKHVHIDFWRUV2WKHUZD\VWRPLWLJDWHWKLVFRXOG
EH WRFRPELQHZLWKRWKHUKLJKQXWULHQWZDVWHVVXFKDVPXQLFLSDOELRVROLGVRU WR







HQWHULQJDTXDWLFHQYLURQPHQWV VXEVWDQWLDOO\ LQ UHFHQWGHFDGHV3DUWRIPLWLJDWLQJ
WKHHQYLURQPHQWDOLPSDFWRISXOSPLOOHIIOXHQWZDVWHVPD\LQYROYHODQGGLVSRVDO
KRZHYHU D FRVW EHQHILW DQDO\VLV VKRXOG WDNH D KROLVWLF DSSURDFK LQFOXGLQJ
 
FRQVLGHUDWLRQ IRU DOO DVSHFWV RI VXVWDLQDELOLW\ ,Q  DFFRXQWLQJ IRU FDUERQ
SRROVFRQWULEXWLQJ WRDWPRVSKHULF&2RUDVDVLQNIRU&2KDVEHFRPH WRSLFDO
3DUW RI WKH FRVW EHQHILW DQDO\VLV VKRXOG SUREDEO\ LQFOXGH FDUERQ HPLVVLRQV
DVVRFLDWHG ZLWK GLIIHUHQW GLVSRVDO RSWLRQV :KLOH ODQG GLVSRVDO RIIHUV SRWHQWLDO












$OH[DQGHU 0  +RZ WR[LF DUH WR[LF FKHPLFDOV LQ VRLO" (QYLURQPHQWDO
6FLHQFHDQG7HFKQRORJ\

$OL0 6UHHNULVKQDQ 75 $TXDWLF WR[LFLW\ IURP SXOSPLOO HIIOXHQWV D
UHYLHZ$GYDQFHVLQ(QYLURQPHQWDO5HVHDUFK

$670  6WDQGDUG SUDFWLFH IRU FRQGXFWLQJ HDUO\ VHHGOLQJ JURZWK WHVWV
$670(

%DDWK (  (IIHFWV RI KHDY\ PHWDOV LQ VRLO RQ PLFURELDO SURFHVVHV DQG
SRSXODWLRQV$UHYLHZ:DWHU$LUDQG6RLO3ROOXWLRQ

%DOGULDQ 3  )XQJDO ODFFDVHV  RFFXUUHQFH DQG SURSHUWLHV )(06
0LFURELRORJ\5HYLHZV

%DOGULDQ 3 LQ GHU :LHVFKH & *DEULHO - 1HUXG ) =DGUD]LO ) 
,QIOXHQFH RI FDGPLXP DQG PHUFXU\ RQ DFWLYLWLHV RI OLJQLQRO\WLF HQ]\PHV DQG
GHJUDGDWLRQ RI SRO\F\FOLF DURPDWLF K\GURFDUERQVE\3OHXURWXVRVWUHDWXV LQ VRLO
$SSOLHGDQG(QYLURQPHQWDO0LFURELRORJ\±

%HDXFKDPS & - &KDUHVW 0 + *RVVHOLQ $  ([DPLQDWLRQ RI
HQYLURQPHQWDO TXDOLW\ RI UDZ DQG FRPSRVWLQJ GHLQNLQJ SDSHU VOXGJH
&KHPRVSKHUH±








VWDJHVRI WZR IUHVKZDWHU ILVK VSHFLHV(QYLURQPHQWDO7R[LFRORJ\DQG&KHPLVWU\


%ODNHO\ - . 1HKHU ' $ 6SRQJEHUJ $ /  6RLO LQYHUWHEUDWH DQG







%RJGDQRYD $ < 1LNLQPDD0  'HK\GURDELHWLF DFLG D PDMRU HIIOXHQW
FRPSRQHQW RI SDSHU SXOS LQGXVWU\ GHFUHDVHV HU\WKURF\WH S+ LQ ODPSUH\
/DPSHWUDIOXYLDWLOXV$TXDWLF7R[LFRORJ\

%RJRPRORY'0 &KHQ 6. 3DUPHOHH 5: 6XEOHU 6 (GZDUGV &$
 $Q HFRV\VWHP DSSURDFK WR VRLO WR[LFLW\ WHVWLQJ D VWXG\ RI FRSSHU
FRQWDPLQDWLRQLQODERUDWRU\PLFURFRVPV$SSOLHG6RLO(FRORJ\

%RRWK / + +HSSHOZDLWH 9 - 2
+DOORUDQ .  'HYHORSPHQW RI




HIIHFWV RQ VRLO UHVSLUDWLRQ EDVDO UHVSLUDWLRQ DQG PLFURELDO ELRPDVV )RUHVW
(FRORJ\DQG0DQDJHPHQW

%RVWDQ 90F.DUWK\ / + /LVV 6 1  $VVHVVLQJ WKH LPSDFW RI ODQG
DSSOLHG ELRVROLGV IURP D WKHUPRPHFKDQLFDO 703 SXOS PLOO WR D VXLWH RI
WHUUHVWULDO DQG DTXDWLF ELRDVVD\ RUJDQLVPV XQGHU ODERUDWRU\ FRQGLWLRQV :DVWH
0DQDJHPHQW

%RXPD'$0HUFHU (0  6OXGJH GLVSRVDO RSWLRQV VWXG\ IRU.LQOHLWK












%XUQLVRQ % . &RPED 0 ( &DUH\ - + 3DUURWW - 6KHUU\ - 3 
,VRODWLRQDQGWHQWDWLYHLGHQWLILFDWLRQRIFRPSRXQGVLQEOHDFKHGNUDIWPLOOHIIOXHQW
FDSDEOH RI FDXVLQJ PL[HG IXQFWLRQ R[\JHQDVH LQGXFWLRQ LQ ILVK (QYLURQPHQWDO
7R[LFRORJ\DQG&KHPLVWU\


















&DUUHLUR 0 0 6LQVDEDXJK 5 / 5HSHUW ' $ 3DUNKXUVW ' ) 
0LFURELDO HQ]\PH VKLIWV H[SODLQ OLWWHU GHFD\ UHVSRQVHV WR VLPXODWHG QLWURJHQ
GHSRVLWLRQ(FRORJ\









&KDQWLJQ\0+$QJHUV'$%HDXFKDPS& - $FWLYH FDUERQSRROV






&RXLOODUG&01HOOLV3 2UJDQRFKORULQH FRQWDPLQDQWV LQPXPPLFKRJ
)XQGXOXVKHWHURFOLWLVOLYLQJGRZQVWUHDPIURPDEOHDFKHGNUDIWSXOSPLOO LQWKH






















%LRFKHPLFDO DQGPROHFXODU FKDUDFWHUL]DWLRQRI D ODFFDVH IURP0DUDVPLXV
TXHUFRSKLOXV$SSOLHGDQG(QYLURQPHQWDO0LFURELRORJ\












'HOO 5 3 'RQDOG 5 0F,QWRVK -  $Q HIIHFWV EDVHG DSSURDFK WR







'UROHW< - %DULO 3 $ UHYLHZ RI FRQVWUDLQWV DQG RSSRUWXQLWLHV IRU WKH
ODQG DSSOLFDWLRQRISDSHUPLOO VOXGJHV DQG UHVLGXHV3XOS DQG3DSHU&DQDGD


(EHOLQJ *  5HFHQW UHVXOWV RI WKH FKHPLFDO LQYHVWLJDWLRQ RI WKH HIIHFW RI
ZDVWHZDWHUVIURPFHOOXORVHSODQWVRQILVK9RP:DVVHU










)HOGNLUFKQHU ' & :DQJ & *RZHU 6 7 .UXJHU ( / )HUULV - 








)RUEHV 9 ( )RUEHV 7 /  





H[SRVXUH FDXVHV VXVWDLQHG LQGXFWLRQ RI &<3$ DFWLYLW\ LQ UDLQERZ WURXW
(QYLURQPHQWDO7R[LFRORJ\DQG&KHPLVWU\

*DOOR 0 $PRQHWWH 5 /DXEHU & 6LQVDEDXJK 5 / =DN ' 5 


















*LOOHU . ( :LWWHU ( 0F*UDWK 6 3  7R[LFLW\ RI KHDY\ PHWDOV WR
PLFURRUJDQLVPV DQG PLFURELDO SURFHVVHV LQ DJULFXOWXUDO VRLOV D UHYLHZ 6RLO
%LRORJ\	%LRFKHPLVWU\

*LULVKDD * . &RQGURQ / 0 &OLQWRQ 3 : 'DYLV 0 5 
'HFRPSRVLWLRQ DQG QXWULHQW G\QDPLFV RI JUHHQ DQG IUHVKO\ IDOOHQ UDGLDWD SLQH
3LQXVUDGLDWDQHHGOHV)RUHVW(FRORJ\DQG0DQDJHPHQW


















+DZNLQV 6 $ %LOOLDUG 60 7DEDVK 6 3 %URZQ 5 6 +RGVRQ 3 9
 $OWHULQJ F\WRFKURPH SD DFWLYLW\ DIIHFWV SRO\F\FOLF DURPDWLF
K\GURFDUERQ PHWDEROLVP DQG WR[LFLW\ LQ UDLQERZ WURXW 2QFRUK\QFKXV P\NLVV
(QYLURQPHQWDO7R[LFRORJ\DQG&KHPLVWU\





LQ )LQQLVK SXOS PLOO UHFLSLHQW ZDWHUFRXUVHV E\ ELRDFFXPXODWLRQ LQ LQFXEDWHG
PXVVHOV ,Q 












URW GHFD\ ,Q 
)RUHVW 3URGXFWV DQG %LRWHFKQRORJ\
 (GV $ %UXFH DQG -:
3DOIUH\PDQSS7D\ORU	)UDQFLV/WG'XQGHH6FRWODQGS





+\RW\ODLQHQ 7 2LNDUL $  %LRDFFXPXODWLRQ RI 3$+V IURP FUHRVRWH












7R[LFRNHQHWLFV RI SRO\F\FOLF DURPDWLF K\GURFDUERQV LQ (LVHQLD DQGUHL
2OLJRFKDHWD XVLQJ VSLNHG VRLO (QYLURQPHQWDO 7R[LFRORJ\ DQG &KHPLVWU\ 


-DJHU 7 YDQ GHU :DO / )OHXUHQ 5 %DUHQGUHJW $ +HUPHQV - 























%OHDFKHG.UDIW SXOSPLOO VRXUFHG RUJDQLF FKHPLFDOV LQ VHGLPHQWV IURP D
1HZ=HDODQGULYHU3DUW7DUDZHUDULYHU&KHPRVSKHUH

-XGG 0 & 6WXWKULGJH 7 5 3ULFH 5 :  3XOS PLOO VRXUFHG RUJDQLF




LQ 6FRWV SLQH QHHGOHV DW GLIIHUHQW VWDJHV RI GHFRPSRVLWLRQ 6RLO %LRORJ\ 	
%LRFKHPLVWU\


















.LP 1 6PLWK 1  5HYLHZ RI VFLHQFH UHODWLQJ WR GLVFKDUJHV IURP WKH
.LQOHLWKSXOSDQGSDSHUPLOO(QYLURQPHQW:DLNDWR+DPLOWRQ






.RRNDQD 5 &RUUHOO 5 %DUQHV 0  (FRORJLFDO ULVN DVVHVVPHQW IRU
WHUUHVWULDOHFRV\VWHPV+XPDQDQG(FRORJLFDO5LVN$VVHVVPHQW±

.RVWDPR$.XNNRQHQ -9.5HPRYDORI UHVLQ DFLGV IURPSXOSPLOO
HIIIOXHQWE\DFWLYDWHGVOXGJHWUHDWPHQW:DWHU5HVHDUFK

.RYDFV7**LEERQV - 6 7UHPEOD\/$2
&RQQHU% ,0DUWHO 3+
9RVV5+7KHHIIHFWVRIVHFRQGDU\WUHDWHGEOHDFKHGNUDIWPLOOHIIXHQWRQ
DTXDWLF RUJDQLVPV DV DVVHVVHG E\ VKRUWWHUP DQG ORQJWHUP ODERUDWRU\ WHVWV
(FRWR[LFRORJ\DQG(QYLURQPHQWDO6DIHW\









+DQGERRN RI 6RLO ,QYHUWDEUDWH 7R[LFLW\ 7HVWV







/D)OHXU / (  6RXUFHV RI SXOSLQJ DQG EOHDFKLQJ GHULYHG FKHPLFDOV LQ
HIIOXHQWV ,Q 





/DQJ ( 1HUXG ) =DGUD]LO )  3URGXFWLRQ RI OLJQLQRO\WLF HQ]\PHV E\







/HDFK - 0 7KDNRUH $ 1  ,GHQWLILFDWLRQ RI WKH FRQVWLWXHQWV RI NUDIW
SXOSLQJ HIIOXHQW WKDW DUH WR[LF WR MXYHQLOH FRKR VDOPRQ 2QFRUK\QFKXV NLVXWFK
-RXUQDORIWKH)LVKHULHV5HVHDUFK%RDUGRI&DQDGD

/HDFK -0 7KDNRUH $1  ,VRODWLRQ DQG LGHQWLILFDWLRQ RI FRQVWLWXHQWV
WR[LF WR MXYHQLOH UDLQERZ WURXW 6DOPR JDLUGQHUL LQ FDXVWLF H[WUDFWLRQ HIIOXHQWV
IURP  NUDIW SXOSPLOO EOHDFK SODQWV -RXUQDO RI WKH )LVKHULHV5HVHDUFK%RDUG RI
&DQDGD

/HKWLQHQ . 0DWWVVRQ . 7DQD - (QJVWURP & /HUFKH 2 +HPPLQJ -
 (IIHFWV RI ZRRGUHODWHG VWHUROV RQ WKH UHSURGXFWLRQ HJJ VXUYLYDO DQG
RIIVSULQJ RI EURZQ WURXW 6DOPR WUXWWD ODFXVWULV / (FRWR[LFRORJ\ DQG
(QYLURQPHQWDO6DIHW\

















/HZLV 1 % )HUJXVRQ , 6  















/LYHU 6 ) +DOO ( 5  ,QWHUDFWLRQV RI UHVLQ DFLGV ZLWK DHURELF DQG
DQDHURELF ELRPDVV  , 'HJUDGDWLRQ E\ QRQDFFOLPDWHG LQRFXOD:DWHU 5HVHDUFK


/RUHQ]R 0 0ROGHV ' &RXWR 6 5 6DQURPDQ 0 $  ,QKLELWLRQ RI




QRUWKHUQ ULYHU ULVN DVVHVVPHQW ,QWHJUDWLQJ WKH HIIHFWV RI PXOWLSOH VWUHVVRUV
(QYLURQPHQWDO7R[LFRORJ\DQG&KHPLVWU\±

/\RQV - , 1HZHOO 6 < %XFKDQ $ 0RUDQ 0 $  'LYHUVLW\ RI
DVFRP\FHWH ODFFDVHJHQH VHTXHQFHV LQ D VRXWKHDVWHUQ86 VDOWPDUVK0LFURELDO
(FRORJ\

0D: & ,PPHU]HHO - %RGW -  (DUWKZRUP DQG IRRG LQWHUDFWLRQV RQ
ELRDFFXPXODWLRQDQGGLVDSSHDUDQFH LQ VRLORISRO\F\FOLF DURPDWLFK\GURFDUERQV
(FRWR[LFRORJ\DQG(QYLURQPHQWDO6DIHW\

0DJHVDQ * 1 :DQJ +  $SSOLFDWLRQ RI PXQLFLSDO DQG LQGXVWULDO







0DMFKHUF]\N $ -RKDQQHV & +XWWHUPDQQ $  2[LGDWLRQ RI SRO\F\FOLF
DURPDWLF K\GURFDUERQV 3$+ E\ ODFFDVH RI 7UDPHWHV YHUVLFRORU (Q]\PH DQG
0LFURELDO7HFKQRORJ\









0DUWHO 3 + .RYDFV 7 * 2FRQQRU % , 9RVV 5 +  6RXUFH DQG
LGHQWLW\RIFRPSRXQGVLQDWKHUPRPHFKDQLFDOSXOSPLOOHIIOXHQWLQGXFLQJKHSDWLF
PL[HG IXQFWLRQ R[\JHQDVH DFWLYLW\ LQ ILVK (QYLURQPHQWDO 7R[LFRORJ\ DQG
&KHPLVWU\

0DUWLQ9 - -<X=0RKQ::5HFHQWDGYDQFHV LQXQGHUVWDQGLQJ







0D\HU$06WDSOHV5&/DFFDVH QHZ IXQFWLRQV IRUDQROGHQ]\PH
3K\WRFKHPLVWU\

0F%ULGH 0 %  7R[LF PHWDOV LQ VHZDJH VOXGJHDPHQGHG VRLOV KDV




 (YDOXDWLRQ RI ODQGDSSOLHG SXOSPLOO ELRVROLGV PRQLWRULQJ WKH IDWH RI
VOXGJHFRQVWLXWHQWVLQIRUHVWHFRV\VWHPVDQGDVVHVVLQJLPSDFWXVLQJHFRORJLFDOO\
UHOHYDQW RUJDQLVPV ,Q 






















0F0XUUD\ -  
2UJDQLF FKHPLVWU\
 %URRNV&ROH 3XEOLVKLQJ &RPSDQ\
%HOPRQW&DS

0HULODLQLQ 3 /DKGHOPD / 2LNDUL / +\RW\ODLQHQ 7 2LNDUL $ 




0LQLVWU\ IRU WKH (QYLURQPHQW  :DVWH VWUDWHJ\ 0LQLVWU\ IRU WKH
(QYLURQPHQW:HOOLQJWRQ








0RULDUW\ )  
(FRWR[LFRORJ\ WKH VWXG\ RI SROOXWDQWV LQ HFRV\VWHPV

$FDGHPLF3UHVVC/RQGRQ
0XQNLWWULFN.5 3RZHU($ 7KH UHODWLYH VHQVLWLYLW\ RI0LFURWR[ 
'DSKQLG 5DLQERZ 7URXW DQG )DWKHDG 0LQQRZ DFXWH OHWKDOLW\ WHVWV
(QYLURQPHQWDO7R[LFRORJ\DQG:DWHU4XDOLW\

0XQNLWWULFN . 5 6DQGVWURP 2  (FRORJLFDO DVVHVVPHQW RI SXOS PLOO






0XQNLWWULFN . 5 6HUYRV 0 5 &DUH\ - + YDQ GHU .UDDN * - 
(QYLURQPHQWDOLPSDFWVRISXOSDQGSDSHUZDVWHZDWHUHYLGHQFHIRUDUHGXFWLRQLQ




QRQH[WUDFWDEOH 3$+ UHVLGXHV LQ VRLO  &RPSRXQG GLIIHUHQFHV LQ DJLQJ DQG
VHTXHVWUDWLRQ(QYLURQPHQWDO7R[LFRORJ\DQG&KHPLVWU\

2¶%ULHQ 7 $ +HUEHUW 6 - %DUNHU $ 9  3DSHU VOXGJH DV D VRLO



























RUJDQRFKORULQHV LQ SXOSPLOO ELRVOXGJH XVHG DV VRLO IHUWLOLVHU &KHPRVSKHUH 










HQYLURQPHQWDO LPSDFWVRISXOSDQGSDSHUPLOO HIIOXHQWV LQ&DQDGDGHYHORSPHQW
DQG DSSOLFDWLRQ RI ILVK ELRDVVD\V -RXUQDO RI 7R[LFRORJ\ DQG (QYLURQPHQWDO
+HDOWK3DUW%















6FUHHQLQJ RI EDVLGLRP\FHWHV DQG [\ODULDFHRXV IXQJL IRU OLJQLQ SHUR[LGDVH DQG
ODFFDVHJHQHVSHFLILFVHTXHQFHV0\FRORJLFDO5HVHDUFK

3RNKUHO ' 9LUDUDJKDYDQ 7  7UHDWPHQW RI SDSHU PLOO ZDVWHZDWHUD
UHYLHZ6FLHQFHRIWKH7RWDO(QYLURQPHQW

3UDWW -50LWFKHOO -$\HUV5&DLUQV -&RPSDULVRQRI HVWLPDWHVRI















3HUHLUD %0 -  7R[LF HIIHFWV RI SXOS DQG SDSHUPLOO HIIOXHQWV RQPDOH






5HQHOOD * 0HQFK 0 *HOVRPLQR $ /DQGL / 1DQQLSLHUL 3 
)XQFWLRQDO DFWLYLW\ DQG PLFURELDO FRPPXQLW\ VWUXFWXUH LQ VRLOV DPHQGHG ZLWK
ELPHWDOOLFVOXGJHV6RLO%LRORJ\	%LRFKHPLVWU\






5RZODQG $ 3 5REHUWV - '  /LJQLQ DQG FHOOXORVH IUDFWLRQDWLRQ LQ








6DPDQWD 6 . 6LQJK 2 9 -DLQ 5 .  3RO\F\FOLF DURPDWLF
K\GURFDUERQV HQYLURQPHQWDO SROOXWLRQ DQG ELRUHPHGLDWLRQ 7UHQGV LQ
%LRWHFKQRORJ\

6DQGVWURP 2 1HXPDQ (  /RQJWHUP GHYHORSPHQW LQ D %DOWLF ILVK
FRPPXQLW\H[SRVHGWREOHDFKHGSXOSPLOOHIIOXHQW$TXDWLF(FRORJ\

6DQGVWURP 2 )RUOLQ / *UDKQ 2 /DQGQHU / /DUVVRQ $ /LQGHVMRR (
$VVHVVPHQWVRI WKHHQYLURQPHQWDO LPSDFWRI6ZHGLVKSXOSDQGSDSHUPLOO
HIIOXHQWV DW WKH EHJLQLQJ RI QH[W FHQWXDU\ ,Q 
UG ,QWHUQDWLRQDO &RQIHUHQFH RQ













6DYOXFKLQVNH)HLR 6 &XUWR 0 - 0 *LJDQWH % 5RVHLUR - & 
$QWLPLFURELDO DFWLYLW\ RI UHVLQ DFLG GHULYDWLYHV $SSOLHG 0LFURELRORJ\ DQG
%LRWHFKQRORJ\






(IIHFWV RI SXOS DQG SDSHU PLOO HIIOXHQWV RQ UHSURGXFWLYH VXFFHVV RI ODUJHPRXWK
EDVV(QYLURQPHQWDO7R[LFRORJ\DQG&KHPLVWU\












RI SODQW OLWWHU GHFRPSRVLWLRQ HPHUJHQFH RI DQ HFRORJLFDO SURFHVV$SSOLHG 6RLO
(FRORJ\










6RGHUEHUJ 7$ -RKDQVVRQ$*UHI 5  7R[LF HIIHFWV RI VRPH FRQLIHU
UHVLQ DFLGV DQG WHD WUHH RLO RQ KXPDQ HSLWKHOLDO DQG ILEUREODVW FHOOV7R[LFRORJ\






VHQVLWLYH LQGLFDWRU RI FKDQJHV LQ VRLO RUJDQLFPDWWHU$XVWUDOLDQ -RXUQDO RI 6RLO
5HVHDUFK

6SDUOLQJ *  




6SHLU 7:  6RLO ELRFKHPLFDO SURSHUWLHV DV LQGLFHV RI SHUIRUPDQFH DQG










1 :LONHQV $ /  7UHDWDELOLW\ RI EOHDFKHG NUDIW SXOS DQG SDSHU PLOO
































5 0F)DUODQH 3 1  $QDO\WLFDO PHWKRGRORJ\ IRU WKH GHWHUPLQDWLRQ RI






7UXKDXW 5  (FRWR[LFRORJ\ REMHFWLYHV SULQFLSOHV DQG SHUVSHFWLYHV
(FRWR[LFRORJ\DQG(QYLURQPHQWDO6DIHW\

8SULFKDUG - 0  






HIIOXHQW LQIOXHQFHV WKH PDQLIHVWDWLRQ RI UHSURGXFWLYH HIIHFWV LQ 5DLQERZ WURXW
(QYLURQPHQWDO7R[LFRORJ\DQG&KHPLVWU\

YDQ GHQ+HXYHO05 /DQGPDQ0 - 7UHPEOD\ /$ 5HVSRQVHV RI
VKRUW ILQQHG HHO $QJXLOOD DXVWUDOLV H[SRVHG LQVLWX WR SXOS DQG SDSHU HIIOXHQW
-RXUQDORI7R[LFRORJ\DQG(QYLURQPHQWDO+HDOWK3DUW$±

YDQ 6WUDDOHQ 1 0  $VVHVVPHQW RI VRLO FRQWDPLQDWLRQ ± D IXQFWLRQDO
SHUVSHFWLYH%LRGHJUDGDWLRQ±

9DQFH (  





GHFRPSRVLQJ IROLDJH OLWWHU RI EHHFK DQG 1RUZD\ VSUXFH &DQDGLDQ -RXUQDO RI
)RUHVW5HVHDUFK

:DOGHQ & &  7KH WR[LFLW\ RI SXOS DQG SDSHU PLOO HIIOXHQWV DQG
FRUUHVSRQGLQJPHDVXUHPHQWSURFHGXUHV:DWHU5HVHDUFK

:DOGURS 0 3 )LUHVWRQH 0 .  0LFURELDO FRPPXQLW\ XWLOL]DWLRQ RI
UHFDOFLWUDQW DQG VLPSOH FDUERQ FRPSRXQGV LPSDFW RI RDNZRRGODQG SODQW
FRPPXQLWLHV2HFRORJLD

:DONHU / &RFNOLQ & /H +HURQ 5  5HJXODWLQJ IRU HQYLURQPHQWDO
LPSURYHPHQWLQWKH1HZ=HDODQGIRUHVWU\VHFWRU*HRIRUXP









DSSOLFDWLRQ DV D PDQDJHPHQW RSWLRQ IRU VROLG UHVLGXDOV IURP WKH 7DVPDQ0LOO
1HZ=HDODQG)RUHVW5HVHDUFK,QVWLWXWH5RWRUXD





:HEVWHU ( $ +RSNLQV ': &KXGHN - $ +DVODP 6 ) , 6LPHN 0
3LFHN 7  7KH UHODWLRQVKLS EHWZHHQ PLFURELDO FDUERQ DQG WKH UHVRXUFH
TXDOLW\RIVRLOFDUERQ-RXUQDORI(QYLURQPHQWDO4XDOLW\










<X = 0RKQ : :  %LRDXJPHQWDWLRQ ZLWK WKH UHVLQ DFLGGHJUDGLQJ






































 % <HV 
 % <HV 
 % <HV 
 % <HV 
 % <HV 
 % <HV 
 % 1R 1RUHVLQDFLGUHFRYHUHG
 % 1R 1RUHVLQDFLGUHFRYHUHG
 % <HV 
 3% <HV 
 3% <HV 
 3 <HV 
 3 <HV 
 3 <HV 
 % <HV 
 % <HV 
 % <HV 






















736      
736      
736      
736      
736      
736      
736      
736      
736      
736      
736      
736      
7%      
7%      
7%      
7%      
7%      
7%      
7%      
7%      
7%      
7%      
7%      
7%      
7$%      
7$%      
7$%      
7$%      
7$%      
7$%      
7$%      
7$%      
7$%      
7$%      
7$%      
7$%      
.$%      
.$%      
.$%      
.$%      
.$%      
.$%      
.$%      
.$%      
.$%      
.$%      
.$%      



















FRQWURO$K      
FRQWURO$K      
FRQWURO$K      
736$K      
736$K      
736$K      
7%$K      
7%$K      
7%$K      
7$%$K      
7$%$K      
7$%$K      
.$%$K      
.$%$K      
.$%$K      
FRQWURO)+      
FRQWURO)+      
FRQWURO)+      
736)+      
736)+      
736)+      
7%)+      
7%)+      
7%)+      
7$%)+      
7$%)+      
7$%)+      
.$%)+      
.$%)+      



















7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       
7$%       




















       
7$%       
7$%       
7$%       
7$%       


 
$SSHQGL[,,0HGLD5HFLSHV

<HDVW0HGLD<0

<HDVWH[WUDFWJ
0DOWH[WUDFWJ
$JDUJ
:DWHU/

%DVLGLRP\FHWH0HGLD%$6

<HDVWH[WUDFWJ
0DOWH[WUDFWJ
%HQODWHPJ
$JDUJ

:DWHU/
$XWRFODYH
6WUHSWRP\FLQPJ
/DFWLFDFLGPO

$%76XQGHUOD\

$%76PJ
[PLQHUDOPHGLDPO
$JDUJ
:DWHUPO

0LQHUDOPHGLD[
.+32J
.&OJ
0J62+2J
:DWHU/








